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INTRCH3UCTI0N 
G«naral stat«m«nt 
Tha Hi«Balay«n ranges bonScrlng t h e northern edge o f t h e 
Indian subcont inent t^rm cons idered to be t h e youngest and 
one o f t h e h i g h e s t eiountain rancies of the world. The 
ovolut ic t tary h i s t o r y of t h i s greet mountain chain «vesn tod^^y 
l a not f u l l y understood and t h e recons truc t ion o f sequence o f 
g e o l o g i c a l eironts i s s t i l l an enigma. 
In t h e recent years the study of <7eolo< y, t e c t o n i c s and 
rock foiKiations of the Kimalay . has cjenereted a general c l o b . , ! 
i n t e r e s t . iXie to the recent dcKrelopcTient of P l a t e t e c t o n i c 
theory i t has m u l t i p l i e d manifo ld . In t h i s reg ion , along with 
differcsnt t y p e s o f sediments l i k e lie^oatone, sandstone -^ nd 
s h a l e be long ing t o near ly a l l ages from the Precantbrian t o 
Tert iary« t h e r e appear sporadic occurrences of the b a s i c 
v o l c a n i c s which represtmt v a r i o u s v o l c a n i c e p i s o d e s o f Himalayan 
h i s t o r y . These v o l c a n i c rocks are very h e l p f u l in understanding 
t h e tactMaootheseal end c h e n l c a l c o n d i t i o n s o f the maooa 
ch^ober, which was l y i n g beneath the Hlnalayan ranges, si e c i a l l y 
cor ing the per iod of t h e i r e r u p t i o n . I t i s p o s s i b l e t h a t t h e s e 
v o l c o n i c rocks nay a l s o provide so«e valuar-le infocmation about 
the g e o l o g i c a l h i s tory of Himalaya aiid the g e o l o c l c o l e v c l u t i o n 
ot the continw^tal mavcin of the ^d ian Plata. 
over the l a s t two decades or so, a c l o s e re lat ionship 
between tectM)ic environinent and the conposition of volcanic 
cocks has b«HBn obsexved by eany w r k e r s (Chayes, 1964; E^gel 
e t a l .« 1965} Dickinson and Hathertcm. 1967f Dickinson, 19661 
Pearce and Cann, 1971, 1973; Jakes and white, 1972/ Mohr, 1972# 
Ninkovich and Kays, 1972f Palacios and Oyarman, 1975; Pearce 
e t a l . , 1975, 1977). I t i s a l so bel ieved by a group of workers 
that th<> composition of the up(>^r mantle has changed throttcih 
the geological ages (Taylor, 1964; Shaw, 1972, 1976; Glikson, 
1976; LowBQon J r . , 1976; Na<3vi, 1976a. b ) . On the other hand, 
some ( e . g . , Anderson, 1975} b e l i e v e that the overa l l composition 
of the mantle has remained unchanged throughout the geoloc^ical 
period. The basic volc«snisr; has been irsanifested through©, t 
the geoloc ica l past and i s beinc, produced by the part ia l melting 
o£ the mantle. The f i r s t and the foreinost pr6bleR> before the 
i ^ e o u s pe tco log i s t i s to answer the question, "Is upper ntantle 
an unlimited reservoir of ^Imsmatm or i t has been replenished 
throughout the geological tisMi?** m a l l these respects the 
Himalayan bas ics have a global importance which, by and large, 
may prove a bas i s for developing a model of the global processes . 
Their chsB;ical oosiposition, and comparison with other b a s a l t i c 
rocks of the Indium subcontin^Dt may provide a useful opportunity 
to understand the progressive changes of geological processes . 
The J resent stiidy i s an atteRi^t to v i s u a l i s e the cheBiiCul 
charac ter i s t i c s of lower Palaeosoic volcanic rocKs of Lesser 
Himalaya* associated with Chanoli Fozmation (M«hdi, e t al*« 
1972) of Garfival Croup (Jain, 1971). In th i s study the author 
has nada an atta^pt to draw petrological &nA tactonic conclusions 
fxocn the costpcaition of th« bas ic volcanic cocks. This study 
may also fonr^ a b a s i s for the construction of a model for the 
tectonic arolution of t h i s area t^)at may ul t i icate ly help to 
understand the architecture of Himalayan region as a whole. 
Basic Voleanism in Himalaya 
The Himalayon ranges are devided into four longitudinal 
geot<»ctonic sones (Gansser, 1964} from south towards north: 
1 . Outer Himalayan sone ccmatitutin^ siwalik sedin^onts 
(Kio-Fle is tocene) . 
2 . l e s s e r Hiaialayan sone with g<merally unfoss i l i f erous 
sedi^ients ran^in^ frc^ n Precambrian upwards. 
3 . Central Crystal l ine sone comprising of sedimentary 
and met<3morphlc xocks including c^ranitic in trus ions . 
4 . The Tethyan Ceosynclincjl sone* north of the Central 
Crys ta l l ine . 
Each of these tectonic uni t s has d i s t i n c t s trat igraphic , 
litholoc^ic and tectonic features, and i s separated by well 
defined tec ton ic boundaries l i k e Main Boundary Fault, and 
Kaln Central Thmst. 
Bxc^t ing the Outer Hlnalaytfi sone, where eridence of 
volc^iism i s i n s i ^ i f i c a n t , the other tectcmic un i t s of 
Himalaya exhibit extensive volcd^nic episodes , m general, the 
basic volcanic xocks in Himalaya show a character i s t i c 
dis tr ibut ion pattern in tlino and space. In t h i s respect, most 
Icaportant tec tonic sone i s the taaaet Himalaya where the 
bas ic IgDeous rocks ocxur a l l alone i t s length. In t h i s sone 
of Himalaya* the e a r l i e s t phase of volcanism i s represw:ited 
by Lower Palaeosoic lava flows referred t o as Baf l ias 
Volcanics o£ Kashmir (wakhaloo and shah, 1966), Mandi and 
associated volcanics of Hisiachal Pradesh (McMahon, 1882, 1863/ 
Gupta, 1966 >, Chsstoli volcanics of Carhwal (Mehdi e t a l . , 1972) 
eoid Bhowali Volcanics of Kmnaon (Ball , 1846; Pande e t a l . , 
1963| Gansser, 1964; Raina and Dun^irakoti, 2.975). The 
Upper Palaeosoic periods i s narked by large sca le volcanism, 
though i t i s l oca l i sed at the two extremit ies of the Lesser 
Hintalaya, i . e . , the Panjal Volcanics and Phe Volcanics of 
Kashsiir (Mlddlenslss, 1910/ Wadid, 1934) on the west and the 
Abor Volcanics of Asaan. (Ghosh, 1956; Gansser, 1964) in the 
e a s t . During the Late Cretac«3uso£oc«ie period, the f lysch zone 
of Tibetan Himalaya witnessed mafic and ultravnafic volcanism 
as i s evidenced by a 2C k» broad mona of volcanics that cuts 
across the Great Kinalayan range in Kashnir and c o n s i s t s of 
acid, bas ic and la tr sbas i c rocks ranging in cceiposition fron 
dole r i t e , ep id ior i t e , serpent in i te , gal9bxo and pyroacenite. 
Ttiis vo lcanic a c t i v i t y has been rsferrsd to as •unUl-Orss 
Volcanics, and cwsiderad as e p h i o l i t e s , resulted by c o l l i s i o n 
o£ the Indian Plate with the Asien Plate (Gansser, 1964, 1973). 
Geological s e t t ing of 
the Area 
The Cartiwal area i s s i tuated in the Leaser Hissalayan 
Kangem o£ Uttar Pradesh (Cansser* 1964). Included within t h i s 
area i s the Gartiwal Group of rocks (Jain, 1971; Kehdi, e t al .« 
1972) which fbxms an autochttacm sone extending f rosi Jamtina r iver 
in the west t o Kali r iver in the eas t and have tectonic 
Contacts with Central Crysta l l ine in the north and Dudatoli 
Group in the south. In t h i s part of Lesser HiBalaya« the bas ic 
i ^ e o u s a c t i v i t y of Xf^ wer Palaeoeoic age i s represented by 
three major flows referred to as Dhari Volcanic (Lovier), 
Katnaprayag volcanic (Middle)* SlwiKuna Volcanic (Upper), cinci 
bas ic intrus ives conprisinQ s i l l s and dikes o£ more or l e s s same 
age (Kuin^r and Agarwal, 1975). The three major flows are 
separated front each other by thick bedded inassive quarts i te 
containing occasional Iwises of shale and l imestone. Because 
of t h e i r ident ica l geological and tectcmic se t t inq within the 
Chasioli Poiaiation of Gaztiwal Group theMi three flows «nd 
associatcKl intrus ives have been eonsiderad c o l l e c t i v e l y as 
ChatRoli Volcanics throughout the tsixt. 
Physiography 
The area cons t i tu tes a part of the Garhwal HiBalaya to the 
e^ist of Jobuna r iver . It includes parts of Alaknanda v<illey 
that exteiKSs betwewi north la t i tudes 30^S*, 30^25* and east 
6 
longitudes 78**30', 7«**15'. Thia airwa f&lla in the suzvey of 
India half - inch toposb««t Hos. 53 J/3Mi and S3 J/3W. The to ta l 
araal €»ct«nt i s R«arly 4«930 sc^ai» kn covering parts of Pauri 
and ChaiBoli d i s t r i c t s of Uttar Pradash. In t h i s part the 
Carhwal Hinalayan taxvairi c o n s i s t s of s svsra l para l l e l ridcws 
with snroraQs slefvation of 1«800 n. TtMtrs mrm a nuniber of 
spurs that dsscsnd to ths river v a l l e y s f ro^ a l l the s i d e s . 
The whole terrain i s d issected by nuBierous streams and thus, 
presents a highly niQOed topography. The area can be approached 
frons Mshikesh and Kotdwar s ta t ions of Northern Railway. A 
nuRiber of Jeepadsle roads and smle tracks pass through the 
CKHjntry s i d e . 
Present s tatus of Knowledge 
A l imited study has been eaade an the geology and s t r a t i -
graphy of these basic rocks. HDi^ ever, no deta i led petrolo^ical 
and geoch^Ttical work has been done so far . The present %iork i s 
f i r s t attempt of i t s kiiKS to study the geochemical and 
pe tro log ice l charac ter i s t i c s of Chsmoli Volcanics. KiddleiRiss 
( l e e e ) was the f i r« t person to study the b«uiic ig»eous rocks 
of the Gextowel Hlmeleya but the work was l ia^ted only t o t h e i r 
gwieral n ic ioscop ic descr ipt ion . Hehdi e t a l . (1972) and Kunar 
and /vc^rwal (197S)« while dealing %rith the general s trat igtephy 
of the area, mt^^jested that chanoli Volcanics are s p i l i t e s . 
Gansser (1964} and Raina and Dungrakoti (1975) c<»D8idered the 
bas ic i ^ e o u s ro^ks of Uttar Pradesh Lesser Hisialaya as s p i l i t e s 
in on overal l o p h i o l l t i c coiRplax. Ho«#afv«r, the s trat igras^ica l 
%iDrk o£ Mehdi at a l . (1972)« Kumar and Agarwal (1975}« Ralna 
and DuntQrakoti (1975) and others does not appc^ar to shov ths 
ultraeiafic variants or t h e i r der ivat ives , associated with 
tiMi bas i c s of the Lesser Himalayan region. Jn other parts of 
the Himalaya, the geocheuaistry of basic rocks was based only 
on the major elament i m p o s i t i o n s . Iliere i s no infozniation in 
the previous liter«iture regaxdinQ the trM:e elen^ent geochemistry 
cf most of the Himalayan b a s a l t i c provinces. 
some Qeochemical s tudies of the various basic volcanics of 
the Himalayan region have heen carried out by Nakasawa and 
Kapoor (1973), Pareek (1976), Bhat and zainuddin (1978) on 
Panjal Volcanics; sharroa and (Xipta (1972), and Patwardh^ai and 
Bhandari (1974), on ^.andi volcanics; Divakara Rao et a l . , 
(1974), Vazdarajan (1974), shah and Herh (1976) and Desai et a l . 
(1976) on Bhowali Volcanics. No detai led petro loc ica l and 
geocheniical infozmation i s avai lable about the Abor Volcanics 
of Assam. The so-cal led Bursil-Oras o p h i o l i t e s have a lso not 
been studied. Their ^sochemical, petrological an^ even 
s trat igraphical d e t a i l s have not been %#orked oat so far . 
Method of study 
AS stated ear l i er , the pres«it invest igat ion deals with 
the fretrographical and gecchemical s tudies cf the basic 
volcanic rocks. About 250 s tap les from the three flows and 
Cha|>ter I 
GEozx)GiCAL serriNG 
In G«rhwal ragion, the Leas«r Klatalayan aona la charact«rla«d 
by the occurrence of Carhirfal Group of rocks conprlaln^ aedijitentary 
foonriationa of varied l i t h o l o g i c aasanblaoes with associated 
bas ic rocks of e f fus ive and Intrusive nature. The name Carhwal 
Group was f i r s t given by Jaln (1971) for the roOts c l a s s i f i e d 
e a r l i e r as Garhwal 9erl«s by Audwi (1949). This Group of rocks 
fosRis an Isip. rtant atrat lgras^lc unit In t^ie Lesser Hlcnalaya 
of Uttar Pradesh and occur In the form of an elongated sedimentary 
b e l t extending from Januna river In the %M»3t to the Kail r iver 
in the eas t (Fig. 1 ) . The Garhwal Group displays three d i s t i n c t 
l l t h o f a c i e s (ftanji, 1976), e . g . , (1) ArgHlooarenaceous f a d e s 
(lo%f«r strat lgraphlc u n i t ) , (2) Calcareous f a d e s (middle 
• trat igraphic u n i t ) , and (3) Arenaceous f a d e s (upper s t r a t i -
graphic u n i t ) . The rocks of a l l the three f a d e s are 
general ly unfoss l l l f erous <aid sMtasorphosed in to the gxeenschist 
f a d e s . This sedlawntary b e l t i s boimded by Main Central Thrust 
in the north, and North Al»ora Thrust In south. The northerly 
dipping Hain Central Thrust brings the s c h i s t s and gneisses of 
the Central Crystal l ine t o rest over the sedioientarles of th« 
autochthonous c^arhwal Group, southerly dipping »orth Aliaora 
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Thrust , which has a l s o been v a r i o u s l y r s farrsd t o as sr inagar 
Thrust (Kahta« 1971} and a s sr inagar Shear (Bharga^ra* 1972) , 
s e p a r a t e s the Garhwal Group of rocks fron the Precanbrian 
Dudato l i Group (Mehdi e t a l . , 1 9 7 2 ) . ICu»ar (1971) has suggested 
t h e f o l l o w i n g t e c t o n i c s u c c e s s i o n ! 
Central C r y s t a l l i n e 
North d ipping Main C«ntral Thrust 
/-=.IP4»...I fm^*^. (Calcar»ous Forff*ation 
carhwal Group ( Q u a r t s i t l c F o w a t i o n 
south d ipping North Almora Thrust 
Almora-DuKaatoli C r y s t a l l i n e 
Mehdi e t a l . (1972) , whi le s tudying the s t r a t i g r a p h i c 
sequence i n Ut tar Pradesh Lesser Himalaya, reco^pissd four 
l i t h o l o g i c a l i m i t s belcmging t o t h e Garhwal Group, which i s 
represented by t h e fo l l owing sequencei 
Garhwal Gcottp 
Owonaoarh FonMtticm 
Chaso l i Forauition 
X sweri lt>xaiation 
RttdraprayaV Foxaation 
KUfuar and Agarwal (1975) carr i ed out d e t a i l e d s t r a t i , 
g r a p h i c a l study of Srinagar-Nandprayag area o f Carhtwal Lesser 
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Himalaya and c l a a s i f i e d fur ther th« rocks o f Carhwal Group 
a s f o l l o w s : 
P a t r o l l 
Fomatixm 
OvMmekgath 
Formation 
Chamoli 
Formation 
Lameri 
Formation 
KudraprayoQ 
Formation 
( P a t r o l i CMarteite 
(Oc^ri Oolomita 
(Dobri P h y l l i t e 
(Bhishna Quart s i t e 
(Dhanpur Dolomite 
(Bhakuna Matavoleanic 
(Nagnath Quarts i te 
(KamaprayaQ Matavolcanic 
(Fiaryali Quarts i te 
(Dhari Ketavolcanic 
(X^amari c 
(Lflmeri B 
(Lameri A 
(Kurjan p h y l l i t e 
(Thalassu s c h i s t o a e o r i t 
(Rxidraprayac ou art s i t e 
Rudraprayag Formation, the lo%ferino3t u n i t of Garhwal Grouj. 
predominantly comprises o f t h i c k bedded mass ive <;^artsite with 
g r i t and p h y l l i t e s . Rudraprayag Quart s i t e , the lowermost bed, 
i s a white and mass ive t h i c k bedded q u a r t s i t e * c h a r a c t e r i s e d 
by r i p p l e marks and o t h e r iMdimentary s t r u c t u r e s , i n d i c a t i n g a 
r i g h t s i d e up p o s i t i o n of the seffuence. Overlying Thalassu 
s c h i s t o s e Grit i s a white t o g r e y i s h whi te s c h i s t o s s and g r i t t y 
q u a r t s i t e . The upper horison of the formation wi th a w e l l -
de f ined sone of s ^ y l l i t e i s referred t o a s Kurjan P h y l l i t e . m 
f a c t , tha Kurjan P h y l l i t e i s a c h l o r i t e p h y l l i t e intruded by a 
g r a n i t e myIoni te . 
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RudraprayaQ Fonnatlon i s confozrnably overlain by a sequence 
of d o l o n l t i c l inestone, s l a t e and p h y l l i t e , named aa Laneri 
Fonuation by Hehdi e t a l . (1972). Near Rudraprayay to%m tha 
do lon i te I s characterised by the presence of s tromatol i tes 
(Collenia s p . ) . m thsse rocks the d i spos i t ion of the stroina-
t o l i t e further supports a right s ide up posi t ion of the sequmce. 
Agarwal (1974) has recorded the occurcence of bryosoan f o s s i l s 
from the p h y l l i t i c s l a t e s within the c o l l e n i a bearing dolon^itic 
limestone of Lwseri Kocmation, 1,075 n, N 59°E of madraprayag 
toMi. The bryoBoans recorded ificlude Disc^tjrypa s p . , Chainodictvow 
Bp,, Chasmatoporella metsi . subretepora S P . . Hewitrvt>a sp . indet . 
According to Agarwal (1974), the faunal aaseBai>laQe i s suggestive 
of Crdovician to Silurian age for the Lacneri Forrr.atioi.. 
ihe success ive Chanoli Fozn^atlon confotmably o v e r l i e s the 
fnj^raprayag Foxmation. It c o n s i s t s of intexbedded penecontem-
poraneous lava flows and thick bedded massive quarts i t e . Kumar 
^na Agarwal (1975) recogi^ised the three major flows, and nacoed 
th«r as Ohari Hetovolcanic, Kainapreyag Hetavolcanic azyS 
Bhekuma Hetavolcanic. The three volcanic flows are separated 
by two thick>bedded quarts i te horisons known as Haryali Quartsite 
and Ne530ath ouaxts i te . The quart s i t i c u n i t s are characterised 
by primary sedimentary strxictures IDce ripple Rar>:s and cross 
bedding indicat ing nozmal deposi t ional s\icces8ion. The bas ic 
igoeous in trus ives that occur as s i l l s and dikes , randomly cut 
across various forD^aticns of Carhwal Croup* Due to complicated 
structure of these roc^s, the determination of exact thicknesses 
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of various xock waits i s quite d i f f i c u l t . Howsver* the apprcnclmate 
thickness of the individual l i t h o l o c i c a l un i t s of Chainoli 
Fosnation ai^pears as £>hari K«t«volcanic, 400 mt Karyali 
CMartsiite, 2500 nr KamaprayaQ l4tttaroXcanic« 800 mt Nagnath 
auartsite« 1600 m and Bhekuna Metavolcanic, 400 • • 
The Chanoli Fonnation i s confoziaably overlain by an a r g i l l o -
calcareous foimation xeierred to as GwanaQarh Forelation which 
i s focned of atromatol i t ic dolomite with black chert and 
in trafomat iona l brecc ia . In the area bet%#e«i Dhanpur and 
Bhainswara the d i spos i t ion of s tromatol i tes show a regional 
inversion of the sequence. 
The youngest, Patzol i Potmation of Garhwal Group, conformably 
o v e r l i e s the Chanoli FormaticHi. Xt c o n s i s t s predcwainantly o€ 
white to greenish coloured thick bedded quartz i te . A right 
s ide up i:osition of the sequence i s indicated by the sedimentary 
structures recorded there in . 
Field Characterist ics of Basic 
volcanies 
The ChspBoli Volcanies, as discussed e a r l i e r , occur in the 
fo0a of three cos^iosite flows (Pig. 2) of varying thickness 
and are associated with bas ic i n t r u s i v e s . Both Mctrusive and 
intrus ive bas i c s , alwng with the associated aediswnts, are 
c h a r a c t e r i s t i c a l l y folded, faulted and awtMsorphosod. m the 
individual flows the interca lat ions of quarts i te and limastone 
lenses or beds indicate t h e i r composite nature. The v e s i c u l a r i t y 
PATROLI FORMATION 
GWANAGARH 
FORMATION 
CHAMOLI FORMATION 
L A M t R I FORMATION 
RUDERAPRAYAG 
FORMATION 
"m 
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V ... V 
V V V V 
V V V V 
I • I • 
3=:± 
BHEKUNA VOLCANIC 
NAGNATH QUARTZITE 
KARNAPRAYAG VOLCANIC 
HARYALI QUARTZITE 
DHARI VOLCANIC 
^ E3 cm nz: 
2 3 4 5 
I - QUARTZITE 2 _ D 0 L 0 M I T E 3 - PH Y L L I T E AND SLATE 
4 _ G R I T 5_ BASIC VOLCANIC 
FIG. 2 C O L U M N A R S E C T I O N OF THE 
GARHWAL GROUP SHOWING POSITION 
OF D I F F E R E N T VOLCANIC FLOWS-
THE DRAWING IS NOT TO SCALE 
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of lava var ies fxoea 10 per cent to over 50 per cent and the 
siB« o£ v e s i c l e s var ies fron 1 MB to over 5 en . The di f ferwit 
volcanic un i t s show the following charac ter i s t i c ! 
Dhari Volcanic 
The loimnnost major flow (about 40C m thick} of ChaiRoli 
Fomation ia well exposed along the right bank of Alalcnanda 
r iver near the v i l l a g e Dhari« a f ter which i t has bcMsn naned. 
Soiae detached exposures are a l so found in the v i c i n i t y of 
Hagol and Daunti^^ v i l l a g e s (Fig. 1 ) . The rock ia generally 
fine grained, dark grey t c greenish black in colour with 
v e s i c l e s and anygdules. The v e s i c l e s are generally rounded 
and t h e i r diwaeter ranges froR 1 mn to S cm. The character i s t i c 
feature of thxs flow ia the presence of large sized feldspar 
ph«Hiocrysts (ranging in length upto 1 cra)^ distr ibuted 
througtiout the body of rock, such phenocrysts are scarcely 
found in the youngest f lows. 
Kamaprayag Volcanic 
The Kamaprayag Volcanic foxsis the a iddle flow with tm 
approximate thickness of 600 m. extensive occurrwice of t h i s 
flow ixtdicates the major pliaee of volcanic a c t i v i t y which took 
place af ter the deposit ion of 2S00 m thick Haryali ouaxts i te . 
Detached exposures of t h i s flow are found at various places in 
between srinagar and Kamaprayag towns. On the wnstem part cf 
the area, t M s flow i s exposed near Machhni v i l lage* extends 
upto the Dungri Fanth and then reappears near v i l l a g e Khankra 
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€URd southttast of Narkota. I t s larger axposurcfs ax« found near 
Kamaprayag town {Fig, 1} a f ter which i t has been n^ned. The 
xocn i s Qenerally altered but fresh sasiples are not tmconnion. 
At soRie places , the zock api:<Qar9 t o be p h y l l i t i c and the only 
distinguishiti^ feature i s the long d t^rk patches* t#hich are 
defozmed ves i c l e s* f lattened along the plane of f o l i a t i o n . In 
l e s s a l tered rock« the v e s i c l e s are g^aerally rounded in shape 
with a diameter s i s e upto 5 cm. Quarts and c h l o r i t e ve ins are 
a l so found in noze altered jxtcks. 
Bhekuna Volcanic 
The uppezinost volcanic flow (dt>out 400 n th ick) i s referred 
to as nhoVMna Volcanic (Kiuaar and AQarwal, 1975). It loostly 
crops out around Nandprayag town in Alaknanda v a l l e y . Tha best 
outcrop could be se«^ near Bhekuna af ter which i t has be^i 
named. Zn the f i e ld the Bhekima Volcanic shows such characteristics 
which are very s iai i lar to that of Ohari and Kamaprayag volcanic 
f lows. 
Associated Basic Z&tzusives 
Basic intrus ive zock«, in the form of s i l l s and dikes* 
occur within d i f ferent horis<ma of Chaiioli Poxaatlen. Their 
thickness ranges fxon 5 t o 100 M and they cut across the various 
fomat ions without any d irec t iona l or i enta t ion . They have a l so 
been folded and faulted alon9 with the country zocks. These 
features indicate that t t e s e bas ic rocks iNire d e f i n i t e l y intruded 
u 
c5url?JC the pre-toctonlc jperiod. 
/vga anci Correlatimi of 
Sas ic Volcanics 
Tho age of Garhwal Group Xa bell«v<Ki to be Riplwan on th« 
b a s i s of i t s s t x o n a t o l i t i c assoc iat ions (Valdlya, 1969). 
Howaver, in s«cont years the Mill preserved bryoeoen f o s s i l s 
have been reported from a calcareous horieon of Laneri Itormetion, 
which l i e s c^nforsi^lv below the Chanoli Formation. AQsrwal 
(1974) on the bas i s of these f o s s i l s a s s i ^ c d Ordovlcian-
3i lur ian a^e t o Lanteri Fonnation. Ku»ar and Agarval (1975), 
Raina ano Dungrakoti (1975) and Krlstna fsurthy (1976) ccmsicered 
the bas ic volcanic rocks of Chaiaoli Fonnation to bo of ix>vonian 
age. Nagthat Fomtation, which has been conaitcred as ecuivalent 
to Chanoli Fonnation (Haina and Dangrakoti, 1975)« l^as a l so 
yielded Devonian f o s s i l s (Powar and phansalkar, 1971). While 
studying the geoloc^y of Nainital area Raina and Oungrakoti 
(1975) recorded i l l -preserved Falaeoeoic f o s s i l s fron Bhintal 
ft>rfBation and they considered the quartz i t e» lava sequence of 
BhiMtal Fonriation and quart s i t e - l a v a saquence cons t i tu t ing 
Ch«»oli Fomation, as a s ing le tinit of DsfvoniwD age. Their 
further ««estward extension can discontinuously be traced t o 
quart s i t e - l a v a sequence of Shall ForsMitlon of Kandl (Hc»iahon, 
l e e S ) . Though. Srlksntla and sharaa (1969) have assigned a 
Preccunbrian age to Kant^ i Volcanics, the occurrence of bryozoar. 
f o s s i l s (Rastogl, 1973) frosi Shall Fonnation does not support 
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t h i s view. T« i ta t lve ly , the Mandi Volcanics of Hinachal 
Pradesh^ Chamsli Volcanics of Garhval and Bhowali Volcanics 
o£ Kumaon may be considered t o be representing a volcanic 
a c t i v i t y of silurianoDevonian age. Their s imi lar t ec ton ic 
s e t t i n g and occurrwice in the form of quarts i te - lava sequence 
support t h i s view. 
Next piMse of bas ic volcanism in the Hinalaya i s xepre^swited 
by the Panjal and associated volcanics of Kashrair and /daor 
Volcanics of Asaaro. This phase i s characterised by lava flows 
an<i large masses of pyroclast ic materials (Qx>sh, 1956/ 
Parsek« 1973). The P«njal Volcanics are associated with 
sediment a riea having undoubted f o s s i l s of Pexmocarboniferous 
age. 
Chapt«r II 
PSTROGRAPHY 
Bxtrusiv« Rocka 
Petrographlcally the these nejor flows of the Chaaaoli 
Volcanlcs d isplay & s inple anci tmiforat nlAeral asa<»ii>la9e and 
textural r e l a t i o n s . They appear to be generally holocryatal l ine 
in n<iture showing both aphyric and porphyritic t ex tures . 
Mineralogy 
The rocks are generally dominated by plagioclase and 
pyzoxotie. Both the minerals show l i t t l e or ssoderate replecen«^it 
by a@condary minerals liKe ch lor i t e , ep idote«calc i te , e t c . The 
princi|.cil Rtineral ccmstitucmts of Chjtfnoli l^va flows sbow the 
followinc^ charac ter i s t i c s ! 
Placalocl^sff - Plagioclase i s the najor ccmstituent of these 
rocks* forming ptnnocrysts as well as gzoundnass. Zt i s 
gwierally a l b i t i c ia conposition (AiUi. to An^} as determined on 
the tmiversal stage by the nethcd of s lesaons ( 1 9 ^ ) . The 
p lag loc lase la ths atpear cloudy or fresh comprising one t o three 
or possibly four gsaeraticMis (Plate l a ) . A l a t e generation i s 
a l so found f i l l i n g v e s i c l e s and voids with fresh and itfwloudy 
c r y s t a l s (Plate Ih ) . 2h many sseples the ir.icrolites of p lac ioc lase 
show curved forma with forked onds (Plate 2a} . Plagloclase shows 
20 
21 
many lin{x>rtant faatur^'^s of ptttzogenctic s igni f icance as 
discussed below* 
1 , Phenocrysts as %rall as microlitaa of plagioclaso show 
stdbophitic t o ophi t ic or in tarser ta i ralationshipa witb tht» 
pyxoxorse. In auch ralat ions tha latha and aciculaa of 
plagioclaaa appaar panatratin^ into tha pyro«w»a cryatala 
(Plato 2b} . 
2 . In many thin aectiona, the plagioclasa laths ara attachcid 
on the faces of mafic p^anocryats« which hava gmsarally tuxnad 
into cloudy H-.a38as (Plata 3a} . 
3« Plagioclaaa laths asa a lso arranged in a mora or l a s s 
c i rcu lar pattar^ around the {hanocrysts of pyroxene and vaa ic la s , 
showiji^ a f lu id i c taxtura (Plata 3b} . 
4 . Plagioclase phenocrysts an<^  tnicrol i tes frequently show 
penetration twinning (Plate 4a} . 
5 . Par t ia l ly altered phenocrysta of p lagioc lase witt c a l c i c 
core anc a l b i t i c rin are comntxi (Plate 4b}, 
6. B«)din^ and breakinc of a l b i t e laths i s a very comtion 
feature s p e c i a l l y around phenocryats of pyroxene and mihedral 
ps«udoaK>rpha of pre-eaciating phenocryst. 
Pyroxene - Augite foxna the predoniawat var ie ty of pyroxene in 
these rocks. It occurs both as phenocryst as «rell as in the 
fonn of groundmaas. In more altered rocks aucite has been 
replaced by epidote, c a l c i t e and c h l o r i t e , e t c . Generally 
pyroxenes display a euhedral to aubhedral fonc, but granular and 
Microphotograph showino var ious genera t ions 
of p laqioc iase (cross n i co l s x 30) . 
b - KicrophotTcraph showinc amygdule f i l l e d wi th 
a l b i t e c r y s t a l s (cross n i co l s >: 30) . 
Microphotograph showing curved p lag ioc lase 
c r y s t a l with forked end {cross n i c o l s x 75) . 
b - Microphotograph showing i n t e r s e r t a l r e l a t i o n 
between a l b i t e and augi te (cross n i c o l s x 30) . 
Kicrophotograph showing a l b l t e l a t h s a t tached 
on mafic phenocryst (cross n i c o l s x 30) . 
b - Microphotograph showing f l u i d i c t e x t u r e 
exhib i ted by p l ag ioc l a se l a t h s (cross 
n i c o l s X 30), 
Microphotocraph show in c; penet rdt ion twinning 
displayed by a l b i t e l a th s (cross n i c o l s x 30) . 
" • . * * . 
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b - Microphotograph showing a pa r t of p lagioclase 
c r y s t a l with c a l c i c core and a l b i t l c rim 
(cross n i c o l s x 30) . 
^1icropl^otograph showing amygdule f i l l e d with 
chalcedony^ c h l o r i t e , c a l c i t e and quartz 
(cross n ico l s x 30) . 
b - Microphotograph showing amygdule f i l l e d with 
chalcedony ana c h l o r i t e (cross n i c o l s x 3 0 ) . 
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soRKstlnes dendrit ic augltes are a l so found. The colour ranges 
txx>ai very lic^ ^ht pinkish to brownish. 
Chlorite - c h l o r i t e occurs es a secondary fninoral. It forms 
scaly mm wel l as fibrous aggregates occupying the spaces in 
natr ix and aMygdules. It i s a l so abundant in ve ins associated 
with and without c a l c i t e or quarts. 
Calc i te > Calc i te i s d is tr ibuted irregularly and occurs as 
f i l l i n g s in v e s i c l e s and minor f i s s u r e s . In i n t e r s t i t i a l 
openings and ve ins small grains of Calc i te are generally found. 
In v e s i c l e s i t «Kx:urs as massive aggregates with d i s t i n c t c leavaces 
(Plate Sa) . 
Qpacwes - Opaques occur as euhedral c r y s t a l s , irregular inasses 
and f ine dust disseminated throughcut the rock. In aamo samples 
upto 15->2C per cent of 8kelet<&l iltnencMftagnetite may be 8O«M .^ 
iJ^nenite i s generally altered into leucoxene. that i s a very comnon 
accessory mineral. Qpiujiues are a l so present as f i l l i n c in the 
euhedral pseudonorphs of pre-exis t ing minerals. 
gpAdote > Bpidote, forbad by a l terat ion of the primary minemla* 
occurs generally as dissenin«ited small granules in the matrix. 
Xrvegular patches of ^ I d o t e s are also found. 
Psettf1os»rpjy > subhedral t o euhedral peeudomorphs are occas ional ly 
found in a l l flows of the Chamoli Volcanics. Generally, they are 
f i l loc; uj: with opaques ar.^ matrix of quarts, c a l c i t e and other 
minerals . In many samples the i l l -preserved s i x sided euhedral 
boundaries of such structures c o n s i s t mainly of opaque iron 
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oxixie or dark brown cloudy aiatrix. The inpoctant feature of 
therae atructures i s tb» presence of a l b i t e la ths attached on 
a l l of t h e i r facet}. These pseudonorphe psolMibly rei^p^sent the 
ztelict boundaries of the pre-ex i s t ing o l i v i n e or other naf ic 
minerals . 
Ves i c l e s 
Ves iculari ty of Chaenoli Volcanics v a r i e s frcmi l e s s than 10 
per cent to over 50 per cent, and v e s i c l e s i s e ranges from 1 nn 
to over 5 cm in diameter. Generally the v e s i c l e s are f i l l e d up 
by chalcedony, c a l c i t e , c h l o r i t e and quarts (Plate 5a ) . Tha 
Pennine var ie ty of ch lor i t e (Plate 5b} i s very common. Albite 
i s al^3 found in v e s i c l e s ^nc s>owa fr@3h and noncloudy c r y s t a l s . 
Textures 
1 hough the rocks l.ave suffered a low grade metaraorphi^in, 
r e l i c t ifflieout, textures ar>g well i^reaerved in the l e s s altercx' 
santples. In the broad sense the Chanoli Volcanica are h o l l o -
c r y s t a l l i n e showing both af^iyric t o porphyritic teoetures. 
One of the important teactural re lat ion i s observed In betvwen 
auci te and a l b i t e in which euhedral t c subhedral c r y s t a l s of 
•UQite appear to be penetrated by a l b i t e l a t h s . Such re lat ion 
between e l b i t e and aii9ite has been var ious ly described as Of^titlc, 
s«dt>ophitic« po ik i lo -ophi t i c , i n t e r s e r t a l and int«r9KO*rths (e*g . , 
Beneon, 1915y Cox, 1915; Cskola, 1925; R»«d, 19ft0# Scott , 
1951f Kiddleton, I960} Berth, 1966r Plala, 19«6| Bamba and 
Sawa, 1967). Migite a l so occurs as radiated, d«M3ritic or pect inate 
aggregates between the a l b i t e l a t h s . Battey (1956) has reported 
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9McY type ot textucvs fron the s p i l l t e s of New Zealand ami 
consixiQzec t>ein t»s r e l i c t naCRotic t«xturel8. 
Albite crys ta l s frequently sliow the fxnietration twinning 
in which t«io individuals which cmiet i tute the twin cross each 
othsr At an angle ranging from 30^ to 90^ <> but crucifora twins 
at an angle ol 90^ ara COOSMMI. aiMkll «tfKl short individual 
c r y s t a l s of a l b i t e are a l so obsaived projecting into the larga 
raicrolites. This type of twinning f a l l s WK3er type-4 of C-twin 
group ot Gorai (1951) who described i t as penetration twinning. 
The Btineralogical asseeA^lages in the Chaaioli Volcanics« as 
discussed above, evidently reveal that the rocks are s p i l i t i c 
in nature. There seems t: be l i t t l e dot^t that they have 
undergone soine chemical and mlneralogical nodif icat ion af ter 
t h e i r emplacement. However, various textural re lat ions , l i k e 
i n t e r s e r t a l texture bet*i®en pl^i^ioclase arid pyroxene, curvino 
and bendinc^ oi plagioclase laths around t i e mafic minerals, and 
t\m presence ot t^netration twinning in a l b i t e s bear teatinony 
to the ign<»ous or ig in of t ) ^ textures, developed during the 
niagsiatic evo lut ion . All thase textural features may provide 
sutfiy srvidences t o resolve tha s p i l i t i c pre^lwB^ therefore* are 
diMtussed in Chapter V to d«ci]^«r the nature of s p l l i t i s a t i o n 
of these old lavas . 
Intrusive Roeke 
»^.egascopicall> the associuted bas ic intrusive ZDCV.S are 
greenish grey in colour, nedium grained and eass ive to fo l ia ted 
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fHEirticularlv at t h « l r narQlns. Sphaxoldal weatherinc la a l so 
a coRiERor. featuz*. They have a l so been folaed, faulted 
ana netcunorphosed alem^ with the country xocks. Though the 
a l t era t ion i s coMeton but freah ano l e s s altered rocks are 
< l^80 not uncooRon. 
In thin sect ion the intrus ive b a s i c s d i sp lay eore or 
l a s s ident i ca l charac ter i s t i c s t o that of associated lava 
f lows. Generally tNty appear ho locrys ta l l ine £ine to mediuiB 
grained showing siibophitic to ophi t i c t ex ture . Mineralogically 
they predominantly cons i s t of p lagioc lase , pyroxene, c h l o r i t e , 
•p idote and opaques. The n i n e r a l o ^ and textuxal relaticms 
bet%rfeen d i f ferent ninerals do not d i f f e r s i ^ i t i c a n t l y froie 
the associated eruptive rocks. T)ie nai led difference i s 
observed in the gruin s i z e if' whict the intrus ives appear 
coarser than the flows. 
Chaptdr I I I 
MAJOR SUeFlSNT GBOCHBMXsTftY 
A n a l y t i c a l PcocMKlum 
AlthouQb t h e b d s l c Igneous rocks o f Garhwal Gcoup hetve be«n 
folxlad, f a u l t e d and metamorphosed a long wi th t h e s e d i n e n t s , 
the c l e a n «m%Mathered and f r e s h socks are not unconaon. Af ter 
a preliRtinary survey o f t h e study aree« s e v e r a l t r a v e r s e s were 
taken by t h e present author t o c o l l e c t tY^e samples a long and 
a c r o s s t h e s t r i k e o f i n t e z c a l a t e d lava f l o w s . ^Kbout 250 moat 
f r e s h and un%#eath&red sai»i.los «M»ro c o l l e c t e d froei s c a t t e r e d 
exposures o l Chamoli Vo lcan lc s ( F i g . 1 ) , Apart fron i n d i v i d u a l 
sae^ples, cooaposite sanp le s tit^re a l s o c o l l e c t e d by chipping and 
breaking o f the rocks . Microscopic exaMinatior- of the t h i n 
s e c t i o n s was SMde and on ly S9 sweples imre s e l e c t e d f o r major, 
• i n o r and t r a c e e l e n e n t ana lyse s* Sanples w i th minute v e i n s 
o f q u a r t s , c a l c i t e and c h l o r i t e were r e j e c t e d . Af ter c r u s h i n g 
t h e rock t o 30 mash, a l l the fra^Mints which «#ere f r e e from any 
secondary mineral a s s o c i a t i o n , were lisofd p i c k e d . These 30 mesh 
fragmcHits were thonn powdered t o minus 200 mesh s i s e and the 
s o a p l e s f o r the chemical a n a l y s i s «Mire taken by conning and 
q u a r t e r i n g . The powder was then dr i ed in the oven a t lOO^C 
t o e l i m i n a t e hygroscopic mo i s ture . Major e lements were detern;ined 
26 
27 
by the rapid methods proposed by Shapiro and Brannock (1962). 
NajC anc K2C were detexxRined by Atomic Abaorption apectro^ 
photoraater. All the avai lable data was standardised against 
uses standards* BCR>1« w>l and SY^I. 
To achieve the dup l i cab i l i t y and coeparabi l i ty of the 
analyses, double and t r i p l e runs *t%rm nade taking several 
d i f ferent samples Cron the atmm spacinen. Rock standards «iere 
a l so analysed to check the probable error . This gave the 
p^.'-rceniage o£ confidence in case of each constitu«Qt. The 
accuracy, f recisiort ana ot^>er analytiical d e t a i l s are sumnarisod 
in table 1 . 
Results 
Mter tYtst cJaaHiical analyses of rock, the data was fed to 
IBH computer for calculat ion of el«fnent rat ios of petroc?enctic 
sicinificancei correlat ion coe f f i c i en t betwecm major, minor and 
trc^ iCe eleenents; noxnative oonpositions and Niggl i v a l u e s . The 
e len^i t analyses, nooMitive oonpositiotis and other petrDChemical 
ealculat iona are represented in d i f ferent t a b l e s . 
Major Ble»ent Distribution 
As the Chanoli Volcanics cons i s t of three d i s t i n c t Major 
flowa (Chai t er II) saparsted by thick un i t s of sedtwents, the 
chenical character i s t i c of each flow i s studied separately t o 
detoruine the variat ion ranees of d i f ferent oiiides within a 
2B 
TABUS 1 
T r i p l i c a t e a n a l y s e s o£ U . S . G . s . standard BCiuI (au&jor 
o x i d e s in weight p«r cent and traca eloiaents in ppm ) 
SiOj 
TiOj 
AljOj 
MgO 
CaO 
KnO 
'^ iS 
Mean of 
thzo« 
a n a l y s e s 
54 .44 
2 .29 
13 .31 
3 .63 
6 .65 
o.ie 
0 . 3 1 
Rsngs 
Colorinwtcy 
54 .23 > 55 .13 
2 . 1 1 - 2 .50 
12 .60 - U . 8 e 
3 .55 ~ 4.05 
4 .40 - 7 .00 
0 .16 . 0 . 2 0 
0 .30 > 0 .32 
U s i b l e 
•al iMS 
(i«ibey,1973} 
S4.0S 
2 .22 
I3 .6e 
3 .49 
6.96 
0 .19 
0 .33 
Atonic ^ s o r p t i o n spsctxDphoto«etar 
NajO 3 .28 3 . 2 6 - 3 . 3 0 3 .29 
K^O 1.78 1.5S . 1.89 1.66 
I«? 48 4 6 - 4 8 47 
s r 331 328 . 332 330 
Y 48 4 7 - 4 9 46 
Zr 184 184 . 186 185 
Mb 16 1 2 - 1 8 14 
Co 
Cr 
cu 
Ni 
39 
19 
22 
11 
Eniasion Spsctxofirsplt 
36 -
15 -
20 -
10 -
40 
22 
24 
12 
37 
16 
19 
13 
29 
flow dnc: oXno between one flow and enothor. Major oxide 
composition along witin c.I.P.W. noms of d i f ferent flows and 
as90ciatec3 intruaives are given in table 2 . The range of 
variat ion and aean values of various flows are compared in table 3 . 
The cb«nical charac ter i s t i c s of d i f ferent flows are statfid as 
followst 
Ohari Volcanic 
The Dhari Volcanic which forms the lowexmoat flow of th« 
Chamoli Volcanics. shows r e l a t i v e l y a res tr ic ted variatior^ of 
various ox ides . S i l i c a which plays a dominant role in detenaina-
t ion of swreral rock types var ie s from 47.52 to 51.41 weight 
per cent with art averagm of 49.42 traight per cent, whereas in 
most of the samples (about 75 per cent) the values l i e betvieen 
45 and 50 weicjht per c « i t . rost character i s t i c feature of Dheri 
Volcanic i s t h e i r HgC content (average l c . 1 4 per cent ) which 
appears to be higher than the younger flows, i . e . . Kamaprayag 
(average 7.59 r^ sr cent) and Bhekuna (average 8.66 per cent) 
Volcanic^. Soda, that appears t o be c h a r a c t e r i s t i c a l l y higher 
than average basa l t s in a l l the flows, sho«r5 a range of variat ion 
from 2.54 to 5.36 %might per cent , averaging at 3.96 weight 
per cent . However, in aa jor i ty of the MMspXes (iribeut 66 per cs i i t ) 
MajO f a l l s within a range of 3 to 5 weiglit per emit . K^O shows a 
range of var iat ion from 0.72 to 1.60 weight per cent with an 
average of 1.24 weight per cent . The average K^ O cont«at appears 
to be higher than both the Kamaprayag Volcanic (average 0.92 
per cent) and Bhekuna Volconlc (average C.99 per c e n t ) . CaO 
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TAOLS 2 
Major oxlxtea and nom^atlva cooiposition of Chanoli Volcanics 
DHARX VOLCANIC 
89Bkplm 
NO. 
S l O j 
T l O j 
A l j O j 
^ 2 ^ 3 
f « 0 
KgO 
c«o 
Na2<^ 
KjO 
P2O5 
KnO 
HjO 
T o t a l 
D5 
4 6 . 7 9 
0 . 6 2 
1 4 . 6 4 
3 . 4 6 
6 . S 6 
1 1 . 6 6 
6 . 2 1 
3.< f^c 
1 .62 
2 . 1 2 
0 . 1 4 
2 . 3 3 
1 0 0 . 5 7 
D6 
4 9 . 6 1 
0 . 1 3 
1 4 . 9 6 
6 . 4 4 
6 . 6 0 
1 0 . 2 4 
4 . 5 1 
2 . 5 4 
C.72 
0 . 2 4 
0 . 2 3 
3 . 1 5 
9 9 . 5 9 
06 
4 7 . S 2 
2 . 0 1 
1 3 . 0 4 
2 . 4 6 
7 . 2 0 
1 1 . 0 0 
6 . 6 2 
4.2fi 
1 . 66 
0 . 1 0 
C.lO 
2 . 3 5 
9 8 . 5 8 
0 2 0 
4 9 . 1 3 
0 . 1 4 
1 5 . 2 3 
2 . 5 2 
7 . 4 6 
1 0 . 6 2 
6 . 6 2 
4 . 3 5 
1 . 5 6 
0 . 2 2 
0 . 1 1 
2 . 5 7 
1 0 0 . 5 7 
D22 
4 9 . 3 2 
0 . 2 2 
1 4 . 2 6 
3 . 5 1 
7 . « 0 
e.es 
6.16 
5.15 
1.50 
0.40 
0.17 
2.91 
100.06 
02s 
49.60 
1.27 
15.00 
3.84 
6.08 
9.93 
5.94 
5.36 
C.7h 
0 . 3 3 
0 . 1 0 
2 . 1 1 
9 9 . 9 0 
Q 
Or 
Ab 
An 
No 
D l 
Hjr 
0 1 
Kt 
11 
Ap 
0 . 0 0 
9 . 5 6 
2 7 . 2 3 
1 7 . 7 1 
3 . 0 1 
1 0 . 4 7 
0 . 0 0 
2 3 . 5 1 
5 . 0 5 
1 .56 
C.OC 
c, 
4.71 
4.26 
21.47 
20.96 
0.00 
0.00 
32.60 
o.oc 
9 . 3 4 
0 . 2 5 
0 . 5 7 
. Z . P . N . I t o m s 
0 . 0 0 
9 . 9 4 
2 3 . 0 1 
1 1 . 3 8 
7 . 1 3 
1 7 . 9 3 
0 . 0 0 
1 9 . 3 2 
3 . 6 0 
3 . f 2 
COO 
o.oc 
9 . 2 3 
2 5 . 5 6 
1 7 . 3 9 
6 . 0 6 
1 2 . 2 2 
0 . 0 0 
2 3 . 3 0 
3 . 6 5 
0 . 2 7 
0 . 5 2 
O.OC 
6 . 6 7 
3 0 . 7 9 
1 1 . 3 9 
6 . 9 0 
1 3 . 6 1 
0 . 0 0 
1 9 . 2 1 
5 . 0 9 
0 . 4 2 
0 . 9 5 
0 . 0 0 0 
4 . 6 1 
3 6 . 9 5 
1 4 . 5 4 
4 . 5 3 
1 0 . 3 4 
0 . 0 0 
1 8 . 5 6 
5 . 5 7 
2 . 4 1 
C.78 
( C o n t d . ) 
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TABLE 2 ( C o n t d . ) 
DHARZ v o i r AN XC 
s S p K ^ "^ P35 "^ pjj P ^ 
Sfiji 
SIO2 5 1 . 4 1 4 9 . 5 3 4 9 . 2 1 SO.31 4 9 . 2 2 ^ . 2 1 
T l O j C.16 1 . 2 0 O.ca 0 . 3 2 O.SO 0 . 1 2 
AI2O3 1 3 . 1 7 1 5 . U 1 4 . 2 2 1 4 . 7 2 1 5 . 2 3 14.SO 
PttjOj 2 . S 7 3 . S e 3 . 5 3 2 . 6 2 3 . 2 1 3 . 2 1 
F«0 7 . 6 4 9 . 6 2 € . 9 6 6 . 0 0 6 . 2 3 6 . 6 1 
H9O 1 0 . 0 6 i O . 9 3 1 0 . 2 3 9 . 5 6 9 . 2 3 9 . 3 6 
C«0 5 . 5 0 7 . 2 3 6 . 2 5 6 . 3 1 7 . 1 2 6 . 3 1 
NajO 4 . 6 2 4 . 2 1 2 . 6 7 3 . 6 7 3 . 4 5 3 . 2 1 
KjO 1 .20 1 . 5 0 1 .67 O.P l 0 . 7 2 1 .22 
PjOg 0 . 0 6 2 . 1 2 0 . 2 5 0 . 1 3 0 . 2 8 O . H 
HnO O.lO 0 . 1 3 0 . 1 4 0 . 1 3 0 . 2 3 0 . 2 2 
H2O 2,95 2.50 2.11 1.80 1.90 2.20 
Total 99.61 96.64 96.25 96.60 99.32 96.30 
C.I.P.W. Norms 
c 
Or 
Ab 
An 
H% 
D l 
Hy 
0 1 
Mt 
J l 
Ap 
0.00 
7.10 
36.47 
10.73 
1.77 
13.39 
0.00 
22.36 
3.73 
0.30 
o.co 
0 . 0 0 
e . 6 7 
2 3 . 7 2 
1 7 . 9 0 
6 . 4 3 
1 4 . 5 4 
0 . 0 0 
2 4 . 3 2 
5 . 1 9 
2 . 2 8 
COO 
0 . 0 c 
9 . 6 6 
2 4 . 2 6 
2 0 . 9 5 
0 . 0 0 
6 . 6 9 
1 6 . 7 1 
1 0 . 1 2 
5 . 1 2 
1 . 6 7 
0 . 5 9 
0 . 0 0 
4 . 7 9 
3 1 . 0 2 
2 1 . 2 7 
0 . 0 0 
6 . 1 3 
1 2 . 8 3 
1 3 . 9 3 
4 . 0 9 
0 . 6 1 
0 . 0 0 
0 . 0 0 
4 . 2 6 
2 9 . 1 6 
2 3 . 9 1 
0 . 0 0 
7 . 9 3 
1 1 . 9 2 
1 4 . 0 3 
4 . 6 5 
0 . 9 5 
0 . 6 6 
0 . 0 0 
7 . 2 2 
2 7 . 1 3 
2 1 . 5 2 
0 . 0 0 
7 . 9 7 
1 2 . 0 8 
1 5 . 3 6 
4 . 6 5 
0 . 2 3 
0 . 0 0 
( C o n t d . } 
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TABie 2 ( C c n t d . ) 
KARNAPRAYAG VOIiCANXC 
s a i ^ l e 
S i O j 
TIO^ 
Ai j^a 
^zH 
FeO 
MgO 
c«o 
NajO 
KjO 
^2<^5 
KOO 
H,0 
KlO 
5 3 . 0 7 
0-9C 
1 5 , 7 4 
4 . 1 5 
6 . 4 0 
7 . 0 6 
6 . 0 5 
4 . 5 6 
1 . 6 0 
0 . 1 9 
0 . 2 3 
0 . 2 2 
KlS 
5 C . e 6 
0 . £ 4 
1 1 . 9 0 
6 . 6 0 
6 . 0 6 
7 , 9 6 
9 . 8 3 
5 . 6 9 
1 . 5 0 
1 . 3 3 
0 . 1 9 
1 ,35 
KlS 
4 6 . 8 3 
1 . 7 3 
1 3 . 6 6 
1 . 3 6 
1 0 . 1 6 
7 . 2 5 
7 . 7 0 
5 . 1 5 
i.ee 
C.71 
0 . 6 9 
0 . 4 6 
iC23 
4 5 . 3 5 
2 . 1 1 
1 3 . 7 3 
2 . 1 5 
9 . 6 e 
1 1 . 0 6 
6 . 9 9 
5 . 1 2 
0 .3F 
0 . 3 6 
0 . 3 2 
o.ee 
KlS 
5 2 . 7 1 
1 . 5 2 
1 2 . 0 9 
2 . 1 4 
9 . 7 6 
6 . 1 4 
6 . 6 6 
5 . 7 6 
0 . 4 5 
0 . 6 3 
0 . 2 6 
1 . 7 6 
K27 
4 8 . 6 0 
1 .19 
1 3 . 2 3 
2 . 3 8 
9 . 4 4 
7 . 9 6 
1 2 . 9 8 
2 . U 
0 . 1 5 
0 . 3 5 
o.2e 
1 .10 
1C26 
4 4 . 8 0 
2 , 6 8 
1 2 , 5 8 
5 . 1 5 
7,CO 
7 . 4 3 
8 . 6 5 
4 . 5 5 
1 . 5 8 
0 . 4 3 
0 . 3 1 
2 , 7 6 
K30 
5 0 . 9 9 
1 . 3 1 
1 3 . 8 1 
3 . 4 6 
8 . 4 0 
7 . 3 7 
7 . 0 4 
5 , 6 e 
0 . 7 2 
0 . 4 7 
0 . 2 5 
1 , 0 3 
T o t a l 1 0 0 . 4 7 1 0 0 . 1 8 9 8 . 3 3 9 8 . 1 3 9 9 . 7 9 lOC.46 9 8 . 5 0 1 0 0 . 5 4 
C . I , P . M . Noxm9 
C 
Or 
fb 
AD 
Me 
Oi 
Hy 
0 1 
Ht 
I I 
o.co 
1 0 . 6 5 
3 8 . 5 4 
1 7 . 1 3 
0 . 0 0 
9 . 4 8 
5 . 5 4 
1 0 , 6 7 
6 . 0 2 
1 . 7 1 
0 . 4 5 
0.00 
8.87 
4 3 . 6 9 
2 . 4 8 
2 , 3 9 
1 4 . 8 0 
0 . 0 0 
1 2 . 4 3 
9 . 5 7 
1 .69 
3 . 1 5 
0 . 0 0 
1 1 . 1 2 
2 3 . 9 0 
5 . 8 5 
1 0 . 6 4 
2 3 , 2 1 
0 . 0 0 
1 6 . 6 0 
1 . 9 7 
3 . 2 9 
1 . 6 8 
0 . 0 0 
2 . 2 2 
2 3 . 5 8 
1 3 . 3 3 
1 0 . 7 9 
1 5 . 2 7 
0 . 0 0 
2 4 . 1 8 
3 . 0 1 
3 . 9 5 
1 . 0 0 
0 , 0 0 
2 . 6 6 
4 7 , 6 1 
5 . 7 9 
0 . 4 7 
1 9 , 4 3 
0 , 0 0 
1 4 . 5 9 
3 . 1 0 
2 . 8 9 
1 . 4 9 
0.00 
0,89 
1 7 , 8 3 
2 6 , 1 5 
0 , 0 0 
3 1 . 2 7 
1 0 , 9 7 
5 , 5 0 
3 . 4 5 
2 . 2 6 
1 . 0 0 
0 . 1 2 
9 . 4 5 
1 9 , 9 1 
9 . 1 7 
9 . 9 4 
2 4 , 7 7 
0 , 0 0 
8 . 2 8 
7 , 4 2 
5 . 1 6 
1 . 0 0 
0 , 0 0 
4 . 2 6 
38.70 
1 0 . 0 0 
5 . 0 9 
1 8 . 0 3 
0 . 0 0 
1 4 . 9 0 
5 , 0 2 
2 . 4 9 
1 . 1 1 
( C o n t d . ) 
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TABU t (Contd. ) 
KAraiAPRAYAG VOICANXC 
HO. 
SIO2 
TlOj 
AljjCj 
P«j03 
HeO 
MQO 
CaO 
NajO 
ICjO 
P2C5 
J^ nO 
HjO 
K32 
5 1 , 7 2 
l . » 0 
11.0ft 
7 . 0 6 
3 . 0 4 
8 . 9 S 
5 . 8 3 
3 . 4 1 
2 . 2 9 
0 . 2 2 
0 . 2 5 
1 . 6 3 
K37 
5 4 . U 
3 . 1 5 
1 0 . 5 0 
1 . 2 9 
9 . 6 4 
7 . 6 9 
6 . fE 
3 . 3 5 
1 . 2 0 
0 . 3 7 
0 . 2 6 
1 .09 
K3e 
5 3 . 7 7 
i.ot 
1 4 . 6 4 
3 . 2 5 
6 .C0 
7 . 7 5 
6 . 2 7 
5 . 6 2 
0 . 3 0 
0 . 2 8 
0 . 1 7 
0 . 5 0 
K40 
5 3 . 6 1 
2 . 5 5 
1 4 . 4 2 
3 . 9 7 
6.oe 
6 . 5 3 
5 . 9 3 
4 . 6 9 
1 .02 
0 . 1 9 
0 . 1 6 
1 . 4 6 
K42 
5 5 . 0 7 
i.2e 
1 3 . 9 5 
3 . 2 6 
6 . 2 4 
6 . 7 3 
6 . 3 6 
5 . 3 6 
0 . 7 8 
0 . 2 3 
0 . 2 4 
1 . 3 4 
K45 
5 4 . 1 3 
1 . 1 0 
1 4 . 3 4 
2 . 7 7 
6 . 4 0 
7 . 1 0 
5 . 0 3 
5 . 7 0 
0 . 1 2 
1 .37 
0 . 1 5 
0 . 9 6 
xso 
45.21 
2.69 
14.08 
3.5S 
8.16 
9.29 
9.10 
3.66 
0.30 
0.67 
0.22 
1.66 
KS2 
S3.31 
1.15 
12.80 
3.90 
S.80 
7.70 
8 .24 
4.02 
0 .30 
0.15 
0 .20 
1.34 
T o t a l 98 .75 100 .11 IOC.47 100.76 100 .16 99 .28 9 8 , 6 1 98 .99 
C.I .P. t f . iiozins 
C 2 . 0 0 4 .15 0 .00 1.45 0 . 0 0 0 . 0 0 0 . 0 0 2 .44 
Or 13 .55 7 .10 1.77 6 .03 4 .45 0 . 7 1 1,77 1 .77 
Ab 2e.82 26.31 47.50 39.64 45.06 48.17 27.37 33.98 
An 8 . 1 4 10.05 13.^1 15 .26 11 .95 13 .17 20 .99 1 5 . 9 7 
Ne 0 . 0 0 O.OC 0 . 0 0 O.OC 0 . 0 0 0 . 0 0 2 .02 0 . 0 0 
Oi 1 5 . 1 6 1 7 . 8 4 U . 6 1 lC.31 14 .55 3 .03 16«22 19 .22 
1^ 1 5 . 3 6 22.97 4 .39 15 .39 12 .40 2 9 . 6 0 0 . 0 0 1 6 . 1 0 
01 0 . 0 0 0 .00 1 2 . 5 1 O.OC 3 . 2 6 0 .44 1 6 . 8 6 0 . 0 0 
Kt 5 .10 l . e 7 4 . 7 1 5 . 7 6 4 .64 4 .02 5 .15 5 . 6 6 
XI 3 . 6 1 5.99 2 .05 4 .64 2 . 4 3 2 .09 5 . 1 1 2 .18 
Ap 0 .52 0.(^6 0 .66 0 .45 0 .67 3 . 2 4 1.59 0 .3S 
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TAIiLB 2 ( C o n t d . } 
KXniAPRAYAC VOWfiUlC 
Ho. 
S i O j 
T l O j 
AI2O3 
Pe jOj 
r«o 
wgo 
Cao 
Ma^O 
KjjO 
^2^55 
MnO 
HjO 
T o t a l 
X60 
4 6 . 2 7 
1 .72 
1 4 . 4 3 
2 . 0 c 
9 . 3 6 
6 . 6 S 
e.ee 
4 . 6 2 
0 . 3 0 
C.58 
C . 2 1 
1 . 2 6 
9 6 . 5 4 
K70 
5 0 . 4 2 
1 .17 
1 4 . 0 0 
3 . 8 5 
7 . 2 0 
8 . S 3 
6 . 0 4 
5 . 7 0 
0 . 5 4 
0 . 2 1 
0 . 2 6 
1 . 2 4 
9 9 . 1 6 
IC75 
5 1 . 2 5 
1 . 1 0 
1 3 . 9 9 
3 . 0 0 
8 . 0 0 
7 . 3 7 
6 . 4 8 
5 . 4 2 
0 . 3 0 
0 . 1 6 
0 . 2 3 
1 . 3 0 
9 8 . 6 0 
KlOl 
5 0 . 6 3 
1 . 09 
1 2 . 3 1 
2 . 8 4 
7 . 8 0 
7 . 6 6 
6 . 6 0 
4 . 3 5 
1 . 9 2 
0 . 2 4 
0 . 1 0 
4 . 8 8 
1 0 0 . 5 6 
KllO 
5 1 . 1 5 
0 . 6 3 
1 2 . 6 4 
3 . 0 6 
7 . 5 2 
6 . 9 0 
6 . 0 5 
6 . 0 3 
0 . 2 4 
0 . 9 3 
0 . 1 7 
1 .78 
9 8 . 6 6 
K l l S 
5 4 . 7 1 
1 . 4 6 
1 5 . 5 9 
3 . 7 7 
6 . 6 0 
4 . 2 2 
6 . 4 5 
4 . 6 2 
0 . 9 0 
0 . 1 6 
0 . 2 7 
1 .62 
1 0 0 . 3 9 
K120 
4 7 . 0 7 
1 . 2 3 
1 6 . 7 8 
5 . 5 0 
4 . 6 0 
7 . 2 5 
7 . 7 0 
5 . 0 2 
2 . 4 0 
0 . 2 2 
0 . 2 7 
2 . 0 2 
IOC.02 
C .Z .P . t f . NOXOUI 
o 
or 
Ab 
An 
M« 
01 
Ml 
XI 
0 . 0 0 
1 .77 
3 2 . 4 6 
1 6 . 6 3 
4 . 4 9 
1 9 . 5 5 
0 . 0 0 
1 4 . 6 5 
3 . 0 2 
3 . 2 7 
1 .37 
O.OO 
3 . 1 9 
4 0 . 3 4 
1 1 . 0 0 
4 . 2 4 
1 4 . 2 7 
0 . 0 0 
1 6 . 6 1 
5 . 5 6 
2 . 2 2 
0 . 5 0 
0 . 0 0 
1 . 7 7 
4 4 . 0 1 
1 2 . 9 4 
0 . 9 7 
1 4 . 7 6 
0 . 0 0 
1 6 . 0 3 
4 . 3 5 
2 . 0 9 
0 . 4 3 
0 . 0 0 
1 1 . 3 6 
3 4 . 7 3 
8.37 
1.10 
16.63 
0.00 
14.64 
4.12 
2.07 
0.57 
0.00 
1.42 
46.39 
6.70 
2.46 
14.41 
0.00 
16.43 
4.44 
1.S8 
2.20 
4.96 
3.37 
39.05 
30.01 
0.00 
7.05 
13.16 
0.00 
5.60 
2.74 
0.34 
0 .00 
14.20 
18.57 
16.13 
12.93 
16.36 
0.00 
9 .01 
7.96 
2.34 
0.52 
(Contd.) 
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TABLE 2 ( C o n t d . } 
BHBKUNA VOIiCAt^ IC 
sample 
No. 
SlOj 
T102 
A1203 
f^jOj 
¥tsO 
MOO 
CaO 
NdjO 
K2O 
PjOg 
FfnO 
HjO 
B l 
4e .05 
1.43 
13.72 
1.63 
10 .04 
7 . 4 3 
E.65 
4 .55 
i.se 
0 .43 
0 .03 
0 .76 
B8 
57.ee 
1 .95 
1 2 . 6 0 
3 . 6 7 
6 . 6 0 
6 . 0 6 
5 . 5 0 
4 . 3 5 
0 . 4 2 
0 . 4 2 
0 . 3 0 
0 . 7 2 
B l l 
S 2 . 1 6 
1 .42 
1 2 . 6 0 
4 . 0 5 
e . 4 0 
6 . 2 2 
5 . 0 6 
4 . 6 2 
1 . 2 0 
0 . 2 9 
0 . 2 0 
1 . 5 1 
B30 
4 7 . 0 4 
1 . 2 0 
1 4 . 8 9 
1 .37 
9 . 6 4 
1 0 . 4 9 
6 . 1 5 
4 . 3 5 
0 . 1 0 
0 . 1 3 
0 . 1 1 
3 . 2 4 
D32 
4 4 . 2 6 
1 . 1 1 
1 4 . 2 3 
2 . 1 7 
1 0 . 8 0 
1 2 . 8 7 
6 . 1 6 
4 . 9 5 
1 . 4 4 
1 . 2 0 
0 . 1 6 
0 . 6 8 
B35 
4 5 . 1 0 
0 . 3 3 
1 6 . 4 8 
3 . 0 3 
1 0 . 6 6 
5 . 2 0 
7 . 6 1 
4 . 3 5 
1 . 3 8 
0 . 2 4 
C . l l 
3 . 5 4 
B40 
5 3 . 4 7 
0 . 1 9 
1 2 . 7 2 
1 .82 
6 . 0 0 
8 . 5 7 
7 . 6 8 
5 . 4 2 
0 . 4 3 
0 . 2 4 
0.3fc 
1 .69 
T o t a l 9 8 . 5 0 1 0 0 . 6 9 1 0 0 . 0 3 9 8 . 7 1 9 9 . 8 5 9 £ . 2 5 9 8 . 6 1 
C . I . P . w . Nonas 
Q 0 . 0 0 1 0 . 7 6 0 . 0 0 0 . 0 0 O.OC 0 . 0 0 0 . 0 0 
Or 9 . 3 5 2 . 4 6 7 . 1 0 0 . 5 9 8 . S 2 8 . 1 6 2 . 5 4 
Ab 2 1 . 6 2 3 6 . 7 6 4 0 . 7 4 3 2 . 5 0 1 4 . 1 4 2 0 . 2 9 4 3 . 2 1 
An 1 2 . 3 2 1 3 . 5 9 9 . 4 S 2 0 . 7 8 1 2 . 3 3 2 1 . 3 3 9 . 0 9 
N« 9 . 1 2 0 . 0 0 0 . 0 0 2 . 3 1 1 5 . 0 1 8 . 9 3 1 . 4 1 
O i 23 .OS 9 . 0 4 1 1 . 2 9 7 . 9 1 9 . 9 2 1 3 . 3 7 2 2 . 2 9 
Hy 0 . 0 0 1 7 . 1 0 9 . 1 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
01 1 5 . 9 5 0 . 0 0 1 1 . 6 2 2 6 . 9 8 3 1 . 7 7 1 7 . 0 9 1 4 . 6 6 
Ht 2 . 6 5 5 . 6 1 5 . F 7 1 .99 3 . 1 5 4 . 3 9 2 . 6 4 
Zl 2 . 7 2 3 . 7 1 2 . 7 0 2 . 2 8 2 . 1 1 0 . 6 3 0 . 3 6 
Ap 1 . 0 2 0 . 9 9 0 . 6 9 0 . 0 0 2 . 4 1 0 . 5 7 0 , 5 7 
( C o n t d . ) 
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T A B L K 2 ( C o n t d . ) 
BHEXUMA VOLCANIC 
• l o . 
s i O j 
T i O j 
A l j O j 
F^jOj 
F«0 
MgO 
CaO 
NajC 
KjO 
»a«>$ 
Mno 
K^C 
B42 
5 2 . 3 0 
0 . 1 6 
1 1 . 5 4 
4 . 5 5 
6.6(5 
S . 2 2 
7 . 9 2 
5 . 6 9 
C.60 
O.tfc 
0 . 2 7 
0 . 7 7 
B46 
5 1 . 6 6 
0 . 2 3 
1 4 . 2 3 
2 , 4 1 
6 . 6 0 
l C . 3 4 
6 . 5 9 
5 . 0 9 
0 . 4 3 
0 . 3 9 
0 . 1 5 
0 . 1 6 
B47 
5 1 . 9 2 
0 . 8 6 
1 2 . 9 2 
2 . 8 1 
6 . 6 e 
9 . £ 5 
6 . 1 6 
5 . £ 2 
0 . 7 2 
0 . 3 7 
0 . 3 2 
i.oe 
B48 
5 0 . 2 2 
0 . 6 4 
1 1 . 6 5 
3 . 1 0 
1 0 . 0 0 
7 . 6 9 
e.io 
4 . 5 9 
0 . 7 5 
0 . 4 4 
0 . 0 9 
1 .36 
B50 
4 6 . 4 2 
0 . 9 2 
1 6 . 3 7 
2 . 1 1 
8 . 5 2 
7 . 2 5 
7 . 7 0 
4 . 4 6 
1 . 9 2 
0 . 1 9 
0 . 2 7 
0 . 3 9 
B52 
5 1 . 9 1 
0 . 6 5 
1 2 . 1 2 
3 . 5 4 
7 . 1 2 
1 1 . 2 8 
5 . 0 6 
4 . 3 5 
2 . 4 0 
0 . 1 0 
0 . 2 3 
0 . 6 2 
B55 
4 9 . 5 2 
1 . 1 6 
1 4 . 9 6 
2 . 2 5 
7 . 9 6 
8 . 0 6 
6.SC 
6 . 1 3 
0 . 6 0 
0 . 6 1 
0 . 2 0 
0 . 5 0 
T o t a l 9 9 . 5 6 9 6 . 4 8 9 9 . 1 1 9 6 . 6 0 9 8 . 5 4 9 9 . 5 8 9 6 . 9 1 
C . X . P . M . KOZXSS 
c 
Or 
An 
Hy 
0 1 
» t 
1 1 
0 . 0 0 
3 . 5 5 
4 2 . 2 2 
4 . 1 6 
3 . 1 6 
2 4 . 1 4 
o.co 
1 2 . 7 4 
6 . 6 0 
0 . 3 0 
2.0fe 
O.CO 
2 . 5 4 
4 1 . 2 6 
1 4 . 6 9 
0 . 9 S 
1 2 . 6 4 
0 . 0 0 
2 1 . 4 6 
3 . 4 9 
0 . 4 4 
0 . 9 2 
0 . 0 0 
4 . 2 6 
4 0 . 3 7 
6 . 9 9 
4 . 7 8 
1 7 . 1 8 
O.CO 
U . 3 4 
4 . 0 7 
1 . 6 3 
o.se 
0 . 0 0 
4 . 4 4 
3 5 . 5 4 
6 . 9 5 
1 . 7 6 
2 3 . 4 9 
0 . 0 0 
l i . l » 
4 . 4 9 
1 . 6 0 
1 . 0 4 
0 . 0 0 
1 1 . 3 6 
2 1 . 6 0 
1 6 . 8 5 
6 . 7 0 
1 4 . 9 2 
0 . 0 0 
1 7 . 2 9 
3 . 0 6 
1 . 7 5 
0 . 4 5 
0 . 0 0 
1 4 . 2 0 
3 2 . 6 0 
6 . 4 3 
2 . 2 6 
1 4 . 9 5 
0 . 0 0 
2 1 . 6 9 
S . 1 3 
1 . 6 2 
0 . 0 0 
0 . 0 0 
3 . 5 5 
3 4 . 2 7 
1 1 , 5 1 
9 . 5 1 
1 5 . 4 6 
0 . 0 0 
1 7 . 2 8 
3 . 2 6 
2 . 2 4 
1 . 4 4 
( C o n t d . ) 
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TABX£ 2 (Contd. ) 
BASIC mrnusxvBa 
Sample 
Ho. 
S lOj 
T i O j 
A l j O j 
WIJO3 
F»0 
HgO 
CaO 
NdjO 
KjO 
"205 
KnO 
HjO 
X2 
5 1 . § 9 
2 . 1 2 
1 2 . 7 6 
3 . 9 6 
6 . e 4 
e.i4 
7.03 
4.95 
0.48 
0.26 
0.35 
1.11 
Z9 
52.71 
1.36 
13.93 
1.71 
9.eo 
e.06 
5.50 
4.35 
1.20 
0.27 
C.19 
0.67 
X20 
54.85 
0.S8 
12.77 
3.89 
7.60 
6.45 
6.15 
5.02 
1.26 
0.33 
0.29 
1.33 
no 
52.40 
1.42 
15.16 
4.39 
8 .24 
7.41 
7.26 
4.95 
0,90 
0.26 
0.25 
1.35 
Z33 
46.13 
2.00 
13.43 
1.67 
10.64 
7.31 
11.65 
2.66 
0.15 
0.36 
0.26 
0.66 
Z38 
47.50 
1.23 
15.00 
3.24 
e.6o 
10.09 
e.47 
2.27 
1.20 
0.17 
0.33 
1.60 
X40 
50.00 
1.57 
12.63 
i«eo 
10.16 
7,25 
7.77 
4.82 
0.45 
0.39 
0.32 
1.40 
Z42 
50.44 
0.14 
14.17 
4.19 
8.52 
7.90 
5.94 
4.69 
1.26 
0.21 
0.27 
2.28 
146 
53.55 
1.36 
13.12 
2.20 
7.60 
7.45 
6.15 
4.69 
1.02 
0.16 
0.20 
1.40 
Z49 
54.01 
1.43 
12,Tf 
1.S9 
9 .80 
6 .06 
5,50 
4.42 
1.50 
0,43 
0.17 
0.52 
T o t a l 96 .89 9 9 . 7 8 100.62 100.69 9 9 . 1 4 9 9 . 7 0 9 8 . 5 6 100.01 9 8 . 9 4 100.20 
C.I .P .M. Nonas 
Q O.OC 0 . 0 0 0 . 0 0 0 .00 0 . 0 0 0 . 0 0 0 . 0 0 0 .00 0 . 0 0 0 .00 
Or 2 . 8 4 7 .10 7 .45 5 .32 0 .89 7 . 1 0 2 . 6 6 7 .45 6 .03 8 , 8 7 
Ab 4 1 . 8 4 3 6 . 7 6 42.43 40.58 22 .65 19 .19 3 6 . 5 1 37 .43 3 9 . 6 4 3 7 . 3 6 
An 11.16 14 .91 £ . 5 7 16 .46 2 4 . 1 4 2 7 . 1 6 13 .72 13.66 11 .71 10 .55 
H« 0 . 0 0 0 .00 0 . 0 0 0 .66 0 . 0 0 0 . 0 0 0 . 0 0 1.20 0 . 0 0 0 . 0 0 
Oi 17 .75 6 . 8 4 16.28 14 .63 24 .02 11 .21 16 .S4 11.72 14 .40 11 .64 
Hy 6 . 1 4 13.1£ 13 .31 0 . 0 0 U . 6 0 11.65 4 .07 0 . 0 0 13 .48 15 .12 
01 8 . 7 3 13 .63 3 . 4 1 15 .56 7 , 3 1 1 4 . 3 0 14.73 19 .37 6 .07 10.18 
Mt 5 , 7 4 2 .46 5 . 6 4 6 .22 2 .43 4 .70 2 . 6 1 6 .06 3 .19 3 , 3 1 
I I 4 .03 2 .62 1.67 2 .70 3 . 6 0 3 . 3 4 2 .98 0 .37 2 . 6 2 3 .73 
Ap 0 .62 0 . 6 4 0.78 0 .62 1.60 0 . 4 0 0 . 9 3 0 . 5 0 0 . 4 3 1.03 
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content* which rdngos £ro(n 4.51 t o 7,23 tMight per cent, averages 
at 6.34 «ieic;ht per cent . It i s s l i g h t l y lower than the younger 
flowa (Kamaprayag, 7.29 per c«Qty Bhekuna 6 , e i p e r c e n t ) . The 
average normative aasenblages eonaiet of about 30 per cent aodic 
p lag ioc lase and more than 17 per c« ) t o l i v i n e . General absence 
o£ quarts froR the noma indicates t h e i r undersaturated nature. 
However, SK>re than SO per cent saoiples are nepheline nozroative 
and about 40 per cent appear hyperathtune nozmative. Appearance 
ot nepheline i s dependent on having high a l k a l i ccmtent. In 
cocBparison to other tiiro flows, a res tr ic ted range of various 
oxides , l e s s e r anount of SiO. and higher MgC content are the 
evidences suggesting a comparatively l e s s evolved nature o£ the 
Dht^ri Volcanic flow (Table 3 ) . 
Kdznaprsyag Volcanic 
The Kamaprayag Volcanic, repreaentlng the middle and irost 
extensive major flow of Ch^vnoli Volcanics, appcKirs t c show a 
large variat ion in I t s najor cons t i tuents , s i l i c a ranges from 
43.60 t o 55.07 weight per cent wlt^ an averacw value of 50.82 
weight per cent . However, about 30 per cent of the saitiples have 
s i l i c a eootant lenglng between 50 and 53 weight per c e n t . Although 
MgO content var ies fro* 4.22 to 11.06 per cent , najor i ty of the 
4U)aly«ee (a»re than 56 per cent ) f a l l bet%ireen 7 and 6 weight 
per c«mt. The average MgO content (7.59 per cmat) i s Much lower 
than that of the average value of Ohari Volcanic (10.14 per cent ) 
but sli^:htly lower then that of youn^^'^t. Bhelcuna Volcanic 
41 
(fi.6e par c o n t ) . NajO a l so shovrs a wld« s ca t t er (2.11 t c 6.03 
per c e n t ) , but a largar nuRi3er of the samplas (about 46 per cent) 
show a range between $ and 6 weiQht i^r cent . Average sodlur. 
content (4.60 per cent ) i s s l i g h t l y higher than that of Dhari 
Volcanic (3.96 per cent) but very c l o s e t o Bhekuna Volcanic 
(4.92 per c e n t ) . The K^ O content of Kamaprayag volcanic shows a 
large variat ion frost 0.12 t o 2,29 weight {4»r cent, averaging at 
0.92 tfeight per cent« a v a l i ^ lower than Dhari Volcanic (1,24 
per cen t ) , but very c l o se to that of Bhekuna Volcanic (0*99 per 
cent) and the associated intru3iv@s (0.94 per c e n t ) . CaO content 
a l s o appears t o show a large range of variat ion (5.03 per cent 
t o 12.90 per cent) with an average of 7.29 weight per cent . The 
high content ol soda i s ref loctod in t h e i r normative coinpositicm 
where the avGiugs a lb i t e content appears t o be about 36 j-er cont, 
with a rdnge of variation frosi 17,83 to 46.17 weight per cent . 
Mostly quarts i s absent from the norsis but a few of samples ace 
quarts nonaative. About 50 per cent of the samples have 
nepheline in t h e i r norms, which s p e a r s due t o a higher sods 
content . Olivine and hyperstbene nomative rocks axe a l so oosnon. 
High s i l i c a and ze la t ive ly low MgO contents , in addition to a 
wide var iat ion of various other oxides are indicat ive of a 
r e l a t i v e l y store wvolved nature of Kamaprayag Volcanic flow. 
Bbakuna Volcanic 
The Bhekuna Volcanic flow cons t i tu te s the uppexnost major 
flow of Chasoli Volcanica. Average chemical conposition of t h i s 
42 
flow with £«w •xceptions appears siMllar to that of Kamaprayag 
and Dharl Volcanics. s i l i c a contant shows a range of variat ion 
from 44.26 t o S7,ee waight per cent with an storage of 50.29 
weight per cent . In t h i s regard i t i s very s imi lar t o that 
of Kaznaprayag Volcanic (50.62 per cent) but s l i g h t l y Higher 
than Dhari Volcanic (49.42 per c e n t ) . MgO content shows m range 
of var iat ion frosi 5.20 t o 11.28 weight per cent averaging at 
e .6e weight per cent, a value s l i g h t l y higher than that of 
Kaxnaprayag Volcanic (7.59 per cent) but lo%fer than Dhari Volcanic 
(10.14 per c e n t ) . Xn Bhekuna volcanic alnost a l l the samples 
show s p i l i t i s e d nature as ref lected in t h e i r soda content which 
ranges fron 4.35 to 6.13 weight per cent and averaging at 4.92 
«<eight per cent , AS far as the soda i s concerned, i t i s very 
s imi lar t o that of Kamaprayag Volcanic (average 4.80 per cent) 
but s l i g h t l y higher than Dhari Volcanic (average 3.96 per c e n t ) . 
The average K2O content of these rocks (0.99 per cent) i s alfloost 
ident i ca l t o that of the older f lows. CaO ranges bet%feen 5.06 
to 8.65 weight per cent and the average value (6.81 per cent) 
appears t o be very c l o se t o that of Dhari and Kaznaprayag f loirs. 
AljOj cc»tent of Bhekuna Volc«uiic averages at 12.85 weight per 
oaat which i s lower than that of Kaxnaprayag Vblcanic (13.53 
per cent ) and Dhari Volcanic (14.51 per c e n t ) . P . ^ content 
averages at 0.42 «ieight per cent which i s s l i g h t l y lower than that 
of Kamaprayag Volcanic (0.45 per cent) and Dhari Volcanic (0.53 
per c e n t ) . The average aonoative assemblages cmis i s t of about 
t%«o~third sodlc p l a g i o c l a ^ . Only one sample aiqpears t o be 
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qu«rtK noxnativa, but i»oat of th€»B< appear iMiplMiline norR>atiVQ. 
Cllvino l a invariably present in the noxvs v i t h an overage of 
17.37 %fei«tit per cent, c l o s e l y s imilar to Ohari vn€i Kacnapraya^ 
Volcanic f lows. While hypersthene appears occasionally in the 
nonas* the notenstivo diopsicSe i s always present. 
Associated Basic Intrusives 
Basic intrus ives , cu i t in^ through various formations of 
Carhwal Gxoup a l so show a che«)ical coieposition ident i ca l t o 
that of three najor flows discussed above. The s i l i c a content 
shows a large variat ion, froM 47.So weight per cent to 54.65 ttfei^ht 
Per cent with an average of 51.54 weight per cent . Like flows, 
in the intrusivQs MgC content shows a variat ion froes 6,45 to 
10.09 weight per cent averages at 7.S1 t^iglit per cent, c lo se ly 
s imi lar to Kamaprayag Volcanic (7.5$ per cent) but s l i g h t l y 
lower than Bhekima and Ohari Volcanic f lows. Na^ O i s a l so hi<;;,her 
(«v«rage 4.28 per cent) and shows a range of var iat ion , fxos) 
2.27 to 4.95 weight per cent . Avai labi l i ty of samples hsfving 
lo%^r Content of soda ( e . g . , 2.27 per cent ) indicates that 
a l to i t i sat ion ot these intrus ives was alnost iacosiplete l i k e those 
of associated f lows. Mlgh K^O content, which i s charac ter i s t i c 
feature of a l l the three flows, i s a l so hig^ Lu in trus ives 
(average 0«94 per cent ) , ranging bet«ieen 0.15 t o 1.50 ««eight per 
c e n t , feioxmatively the rock c o n s i s t s of about 3S per cent a l b i t e , 
15 per cent diopsic:e cind IC j^r cent o l i v i n e . f*43St of the 
samplos have nomative hypersthene, but nepheline i s occasional ly 
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found and quarts i s completely «baant. X^e associated flows, 
the hi9h content of potaasiutn in intrus ives i s reflected in 
t h e i r CK>xmetive orthoclase which a v e r a g e at 5.57 per cent . 
G«meral Cheetical charac ter i s t i c s 
The chemical analyses of sanples Itom various flows sind 
in trus ives indicate that tNire i s a cmisiderable variaticm of 
each oxide within each flow as wel l as the associated in trus ives . 
Hotraver, no such variat ion e x i s t s when the average chemical 
composition of each flow i s conpared wit I; that of the others . The 
average chemical composition and tito cheraic^tl compositional 
s c a t t e r in three flows and the associated intrus ives appear almost 
ident i ca l (Table 3 ) . 
The aliBost ident ica l charact<*ristic of three flows and the 
associated intrus ives may be observed in the normative 
conpoait ional diagram (Fig. 3 ) . In t h i s diagram the observed 
gradations from a l k a l i - o l i v i n e basal t t o quarts normative 
t h o l e i i t e * in each flow, show a common titsnd. This phenomenon 
indicates a s imi lar trend of variatic^. within each flow, but not 
from flow to flow. Therefore, i t i s considered t o be Just i f i ed 
to nana the three flows and the associated intrus ive rocks 
c o l l e c t i v e l y as Chamoli Volcanics. 
In terms of frequ^icy d i s tr ibut ion , the var iat ions of 
d i f ferent major oxides in Chcuacli Volcanics are represented 
graphically in figure 4. The weight per cent of a l k a l i s shows a 
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wida var iat ion which may perhaps be du« t o certa in aBiount of 
post>«niptior.al netasonatiair. and a l t e r a t i o n s . In aix»i-t 7S per 
con^ o£ the sawplaa« NSjO content i s higher than 4 per cent . 
The high soda c<»r)tent la these rocks i s therefore eoosidarttd to 
be a charac t sr i s t i c feature . tUO content shows a binodal 
d i s t r ibut ion , which siay be due to the e f f e c t of or ig inal 
c r y s t a l l i s a t i o n or contanination during the ascent of the magma. 
Ti02 ^^'^^ shows a l o s s e r spread with an average of 1.11 tieight 
per cent, appears t o be c l o s e l y s imilar t o that of abyssal 
and is land arc t h o l e i i t e s . Though ^ - ^ a shows a bisKsdal 
charac ter i s t i c , yet i t s value ranges between 14 and 15 in 
majority of the samples. This range of value i s s imilar to thcit 
of abys9<il t h o l e i i t e (Rogers e t a l . , 1974). Baring some samples 
in which i'y^s shows appreciable variaticm, the c^servod restr icted 
range of t h i s const i tuent (0.20 to 0.24 per cent} in majority 
of san:plc3 i s found to be higher as compared with average ^2^5 
content of other basa l t s of the %#orld. This dbnocaaality of 
phosphorus enrichment a l so be c<»aidezed as a unic^ue feature. 
The average chemical and nocmative compositions of 
Chanoli Volcanic3 are compared with average s p i l i t e s 
(aundius. 1930f Zyenger and B4tfMirjee, 1964}/ average 
b a s a l t s (HockoXds, 19S3}| average oceanic t h o l a i i t e (mgal 
a t al .« 19fiS}/ and average Deccan Traps (Maahlngton, 1922} in 
table 4 . Xt i s evident from the t ^ l e that the ch«iM>li Vblcanics 
appear vary s imi lar to the s p i l i t e s in tho lr soda content, while 
s i l i c a matches well with a l l the s p i l i t e s and basa l t s , t h e i r MgO 
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content («nr«r««f« 6*55 per cent) i s ex tnmely higher then 
a p i l i t e s ot sundius (4.SS per cent) and Oeecen Ttapa (5.46 
per c e n t ) , 
KjO dlao appears in higher conccmtration than a l l the sock 
s u i t e s . Ai20> (awerage 13.61 {er cent) Matches w i l l with the 
s p i l i t e s of sundius (13.66 per cent) and Deccan Traps (13*98 
ptar c e n t ) . Although the average AljOj ccMotwit of ChaiBoli 
Volcanics appears lov#er than the anrerage oceanic t h o l e i i t e but i t 
i s bel ieved ( e . g . , Hanilton, 19IB) that low aluminiuBi concen-
trs&tions are character i s t i c s of oceanic t h o l e i i t e s . Nbwsver« the 
coin(>ari3on ©f chemical cowpositlon of the Chamoli Volcanics with 
other bas ic rocks quoted above indicates t h e i r overal l s p i l i t i c 
nature. This conclusion i s a l so supiorted by the high percentage 
of M»dic £eldsi:>ar in the noma %ihich i s conf«ir^le with ttie 
a p i l i t e s but appears l e s s than a l l the b a s a l t s . 
C.I.P.w. norsis of Chasioli Volcanics show saturated to ux^er-
saturated nature of the analysed samples. Though few samples 
appear with (3U«»rtK in t i^e a. tm, yet majority of them are not quarts 
noonative. This ^servcit ion I s suiHPorted by s i and qs Hicgl i 
values (Table 5 ) . 
The s p i l i t i c Nature 
OrigiAally the term s p i l i t e was used by Bcongniart (1827) 
for t^ <c roc)(s with a l b i t e or a l b i t e - c h l o r i t e rich parts 
containing high iMight percentages of NSjO* H|0, COj ^wi lower CaO 
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than b a s a l t . Tuxner anu V«choo9en (1960}« Natch at a l (1961), 
Cann (1969) and vallance (1969) conalderad s p l l l t a s t o be the 
rocks acalogoua to basal t in thair inoda of occurrence and 
bzoad febric elcHRtents. Hovaver* thay d i f f e r largely with 
vaspact to the pvesance of ntnaerous i^tasaa of greanachist 
fac iea typa* such as a l b i t e , c h l o r i t e , apldote, c a l c i t e , e t c . 
ChciaK>li Volcanics* as deiKiriboa and discussed e a r l i e r , are 
e s s e n t i a l l y conposed of a l b i t e an<3 pyroxene with c h l o r i t e , 
charac ter i s t i ca l l y , t h e i r NajC content (averaga 4 . ^ per cent) 
i s high and CaO content (avera^ 6.69 i « r cent} i s low. These 
mineralogical and chenical features of the rocks strongly 
favour tho ir de f in i t ion as s p i l i t e s e i t h e r to the t r ^ i t i o n a l 
usage or according to i t s wider applicaticm by Vallance (1969 )• 
An attwDpt was nade to ejcaniine the nineralogical and 
chomical nature of these n>cks on tho litres defined by Yoder 
(1967), who observed the following charac ter i s t i c features in 
s p i l i t e s . 
! • The s p i l i t e s l i e for the aost part i^ the f i e l d of Hmraiian 
a l k a l i basa l t , though they are not a l k a l i b a s a l t s . 
2« The aps.arent stabla coejcistance of a l b i t e , ch lor i t e and 
aug i te . 
3 . The nonas of s p i l i t e run the gamut of tl^ ie nooRative l imi t 
of non&al b a s a l t s . Speciawns with noxaative o l ••• Ha. 01 •»• Hy, 
lly + US are coewon. 
4. Low KjO and high NajO confixed with the average b a s a l t s . 
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S. Absence of mlcaa» tmfhihoi^B eund a e o l i t e s . 
The Chofooll Volcanics f u l f i l l alncat a l l the above 
C€»)dition9. Tbelr plot in a l k a l i - s i l i c a diagr«n (Fig. 5) 
s^lovs an alkal ine nature as nost cf tl-ie analyses f a l l above the 
<3eiBarc&tinc l ine proposed by Kuno (1959). fioreover, they 
actual ly are not a lkal ine b a s a l t s as various chenical c r i t e r i a 
ismd variat ion diagrans strongly supjort t h e i r t h o l e i i t i c 
a f f i n i t y . As far as the K^ C content i s concerned, they aprear 
r e l a t i v e l y higher than aoznal b a s a l t s and s p i l l t e s . { iomatively, 
these rocks have ^>out 6o per cent s^apl^^s with nepbeline in 
t h e i r norrs cmt- 01 -f- Me and o l -f Ny noxsnative samples are 
abundant. Although q«»arts normative sanplea are rare, but Hy <f ce 
nocBtative assesdolages leay be seen in alaoost a l l the flows (Table 2) 
Therefore, these features of Chanoli Volcanics, as described 
above are in accordance to the Ybder'a c r i t e r i a for recognition 
of s p i l i t e ^ . 
Bffect of Alteration 
In interpret at ic^s ba^KS on chMBical char^rter i s t i cs of 
a l tered rocks, the c r i t i c a l question a r i s e s , as t o «fhat was 
t h e i r co«posit ion prior to a l terat ion and u|:^o what extent t h e i r 
cheasical cooatituMits h«ve been affected by pest-igneous 
processes . The Chasoli Volcanics, though suffered a low grade 
metafforphims result ing in the i r s p i l i t i s a t i « i , yet they preserved 
t h e i r or ig ina l nagmatic textures t o a large esetwit. Various 
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variat ion diagrams and chemical c r i t e r i a have been U9«a<$ hers 
t o aee tfm e f f e c t s of a l terat ion on the rock composition. 
Plot of Chaooli VoIconics in the ACN fac^ of ACPN diagram 
of J o l l y and 3aiit> (1972) brings out the exact covpositiwnal 
changes which took place in the poet-e nipt ion period. The 
diagr^^ has been used t o d i s t inguish the d i s t i n c t groups of 
rock types produced by post>-eruptional a l terat ion processes in 
the Kcvfeeniiwan Lavas (Jo l ly and 5^ith, 1972) as represented 
in Figure 6 (Z » unaltered basa l t , I I » basal t containing 
higt o l b i t i s e d feldspars. I I I • basalt rich in c h l o r i t e , 
puiB|jellyite anc ep idote ) . Various const i tuents of Ch^noli 
Volconics when plotted in t h i s ternary diagram (Fig. 6) . the 
Concentration of the p lo t s appears e i t h e r in the f i e l d s of 
unaltered basalt and highly a l b i t i s e d basalt or s l i g h t l y 
outs ide towards the sodium apex. Only one sample f a l l s in the 
fi£!l«2 of basal t rich in c h l o r i t e , punpel lyi te and epidote . 
The general inc l inat ion of p lots towards tlw sodiuia apex sesns 
to be the e f f e c t of addit ional soda content, which the rock 
might have gained in the pest-OMigMitic period. The nature of 
the Majority of analyeaa, which do not f a l l in f i e l d s IZ and 
2IX of ACN diagrsM, indicate that Ch«M>li Volcanics possibly 
have not suffered a savers redistributi«»i of e lenents «rhich 
Kay produce the swta-desMins l i k e Keweeamian l«v«s . The 
diegraiR very c l e a r l y i l l u s t r a t e s that the high soda content 
c l those volcanics probably have net resulted by chMaical 
redistr ibut ion of various eleasints in a c l o s e systeoi, but 
seeets to be the result o i addit ional introduction of soda in 
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Ix;>at-conaolldaition p«riodi. 
In a l terat ions which c«U3« the chemical redistr ibution 
of variovis el@n>ent9, leading t o the fortriation of meta-donaina, 
the nock must show a no re or l e s s complementary nature of 
d i f ferent elements. To examine the complimentary nature of 
the elementSfthe chamoli Volcanlcs have been plotted in an 
ACN dlaoram {Ti.g. 7)« where A » Al.0*, C m CaO and N » Ha^ O 
(mol. props). The dashed l ine represents the f i e l d of 
unaltered basa l t s (350 analyses, Vall«a>ce« 1969). Host of 
the p lo t s In the diagram may be seen t o f a l l within the dashed 
line* but very ne<*r to i t s boundary which l i e s towarcfs sodium 
apex indicat ing an addit ional cmrichnent of soda* The 
concentration ot p lots near the boundary l ine of unaltered 
b a s a l t s towards the sodium apex« I l l u s t r a t e s that the additional 
soda ccMQtcnt tends t o s h i f t the points from f i e l d of unaltere(': 
bosa l t s towaxds the sodiuiri apex. Samples havirag s ign i f i cant ly 
higher enrichment of soda generally f a l l outside the f i e ld 
towards the Medium apex. The diagram does not re f lec t any 
complimentary redistribution of d i f ferent elements. 
Further evidence of soda metasomatlWR ia provided by the 
p lo t t ing of Ka^ O and K^O ( r i g , 8 ) In a manner suggested by 
Hughes (1972). By using chemical composit ims of various rock 
s u i t e s he devised a diagram in which the f i e l d of unaltered 
rocks tMis be«i referred to as "Igneous spectzwa**. The rocks 
plotted outside the spectrxtfn wer^ considereci to be that of 
unusual cosipositioo formed by post-igneous metasomatism. 
(AFIELD OF 35O 
BASALTS 
( V A L L A N C E , I 9 6 9 ) 
_L 
(^ S P I L I T E S FIELD 
( A F T E R : H U G H E S , 1 9 7 2 ) 
1 I I I L. 
0 10 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 100 
KjO X I O O / K 2 O + N a 2 0 
FIG.8 
FIG.7 A l 2 0 3 : C a O : N a 2 0 (MOL.PROPS.) 
TERNARY DIAGRAM SHOWING PLOTS 
OF CHAMOLI VOLCANICS 
FIG. 8 N a 2 0 + K2O VERSUS K2O X l O O / 
Na20 + K2O VARIATION DIAGRAM 
(HUGHES, 1972 ) FOR CHAMOLI VOLCANICS 
A D H A R I V O L C A N I C O KARNAPRAYAG V O L C A N I C • B H E K U N A VO LC A NIC 
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In t h i s ^imgrium ireat c£ the analyses of Chainoll Volcanlcs 
9«c«i to t a l l generally outside the l^ j^ HMtoua spectnaa in the 
f i e l d of s p i l i t e as outl ined by Hashes (1972). This feature 
suggests a netasoncitic or ig in of these volcanic xocks. 
Because the Chatnoli Volcanics are pxed<»ninantly soda«>rich« 
the i r plot in Hughes diagraic confirms a sodium metasoeuitian 
in the post-igneous period. 
The e f f e c t of soda netasonatiffB on the composition of 
Chctfnoli Volcanlcs, can be broadly v i sua l i s ed by the study of 
chei»*ical conposit ions of the s«»ples which have not been affectcid 
by s p l l i t i s a t i o n and have a ^»da content l e s s t^ian 3 per cent . 
A comparative study of chetnic&l compositions of high soda gn6 
low M>da sau.ples has been maCe (T«^le 6 ) . In the low soda 
sai&plea which have not been subjected to a p i l i t i s a t i o n , the 
l^scentage of Na20 i s generally leas than 3 an<^  that of the 
hi^h sodii, the range of NajO varias from 3 to 6 per cent . 
The conparison of the tt«o evereges shows that the inpact of 
a l b i t i s e t i o n i s s o s t l y on Ms^ O* C«0 and to a l e s s e r extent on 
SiOj* This supports th« geiMrsl b e l i s f that the socks are 
a lso sariehed in s i l i c a bes ides soda during the s p i l i t i s s t i o n 
(Tum«r« 194»t Ybder. 19«7). This i s further corroborated 
by th« data of TiOj* ^ 2 ^ 3 ' '*2^9' '*^' ^^* ^2^' ^2^5 
and nao which veeiain in the general f i e l d of t h o l e i i t e and 
do not exhibi t any appreciable change in t h e i r eontents . The 
CaXi appears to have been partly eliminuted froa t h o l e i i t i c 
basal t and NajC has been Added along with 3i02* '^^ data a l so 
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bQora a testJLncMay with f<ict that the pxoces:^ of a l b i t i e a t l o n 
has dot b«en conpl«t«d throut^hout these f lows. It la evident 
that though s p i l i t i B a t i o n has b«en widaspread in these zocks 
yet there are few inatancea of rocks which h«ive a l i t t l e 
e f f e c t of soda amtaaocaatisni. 
The Ha^na Type 
In s tudies of b a s a l t i c rocks,the most coamonly used 
tnethod t o d i s t inguish the sia^Ba type, has be«») the a l k a l i 
s i l i c a diagram (Kuno, 1959; McDonald, 1968). However, because 
of the s ign i f i cant redistr ibution of Ha20 by a l terat ion 
processea, an a l k a l i - s i l i c a plot %«ould be c i l i t t l e use if) 
the c l a s s i f i c a t i o n of ChaiMoli Volcanics. Therefore, s<xne other 
Eoethods have been adopted hece to inves t igate the or ig ina l 
coctpoaition of these altered lavas . 
r^urata (1960) proposed a variat ion diagram t o d i s t inguish 
bettMsen the d i f ferent basal t s e r i e s based &a t h e i r SMijor 
eles>cAt composition, when the AljOj/siO- rat io and HgO 
content of Chanoli Volcanics are plotted in a laaaaer as 
suggested by Mur«ta ( r i g . 9 ) , majority of the analyses f a l l 
around B, which represents the f i e ld of t h o l e l l t l c b a s a l t . 
The t h o l e l l t l c a f f i n i t y of these vo lcanics as Indicated by 
Hurata*s dlagraa a|^»ears to be the I n i t i a l MMBposition 
bocciuse a l k a l i s which have been effected by netasosMitisn are 
not involv«3 in t h i s laethod. Purtheriaore, AljOj and KgO in 
0.1 0.2 
AI2O3 / S i 0 2 RATIO 
A THOLEI IT IC OLIVINE BASALT 
B THOLEIITIC BASALT 
C QUARTZ BASALT 
D GRANOPHYRE 
E P I C R I T E ( O C E A N I T E ) 
0,3 0 . 4 
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H M U G E A R I T E 
I TRACHYTE 
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A Dhari volcanic • Bhekuna volcanic 
O Karnaprayaq volcanic A Basic intrusiv»s 
FIG.9 M g o - A l 2 0 3 / S i 0 2 VARIATION 
DIAGRAM (MURATA I 9 6 0 ) S H 0 W I N G 
A THOLEIITIC AFFINITY OF 
CHAMOLI VOLCANICS 
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theso rocka, as discussed in a previous sect ion ot tl id 
chaj/ter, do not dpr^ar to be icuch a£fact«d durinc the 
s p i l i t i s a t i o n . 
Miyashico and shido (1975) haw US«K3 a sar ias of p lo t s 
whantiby the ra t ios re0*/^90 (FeO* » FeO 4 '^s^a ^ 0*') were 
plotted against various major ele«)ent3, t o d i s t i n ^ ^ s h 
t h o l a i i t e fron calc^alkal lne b a s a l t s . Plots of SiO^t FsO* 
anv- Ti02 9^<^ ^^ >^  FeO*/MQO rat io can provide a b e t t e r way to 
d i s t i n ^ i a h the magma type o£ Chamoli Volcanics . The 
p l o t t i n g of weight per cent of FeO* against i"mO*/l^gO rat ios 
of chainoli Volcanica (Fi«. 10a) ravecsls that almost a l l the 
p lots occupy the f i e l d of d^yssal t h o l e i i t e . Mov^ever, when 
the per cent of siOj Is plotted against Fe*/KgO rat io 
(Fi9* lOb) sotae semples 8e«n> to occupy a part of ca lc -a lka l ine 
f i e l d , s l i g h t l y al»ove tins denarcatin^ l i n e . The s h l f t i n c of 
points froBi t h o l e i i t e t o alkalirie region, probably i s caused 
by redistr ibut ion of siO^ during post-.igneous a l t e r a t i o n s . 
This diaQr<im a l so suggests that SiO, must have been incieased 
by s p i l i t i e a t i o n as inferred in an e a r l i e r paragraph. Due 
to more immobile nature of TiO* i^e trend on TiO. versus 
FeCV^lgO rat io diagram (Fig . lOe) of Miyashiro and shido 
(If75} may profire a b « t t e r guide. Tha rXO^^WmO*/H90 p lot 
(Fig. lOc) t#hich a l s o exh ib i t s a general concentration in an 
enclosed f i e l d , indicates an iioyssal thoXeiito a f f i n i t y of 
the Chamcli Volcanics. 
For mtfty years* AFM (A « KajO * K^O, F « t o t a l irc» as 
Fee. M s ngc, a l l in weight per cent ) diagram has usually 
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be«n widely used In s tudies of ign«ous petrogsnesis , 
l>artlcularly to ident i fy the charac ter i s t i c s of t h o l e i i t i c 
and alkal ine basa l t s ( e . g . , Nockolds and Allen« 19S3y Coonbs 
and Wilkinson, 1969 }• The p lo t s of Charoll Volconics iri 
t h i s var iat ion diagram are shown in Figure 11. Host of ths 
p lo t s may be seen lyiJng below the deiNiccatliig l i n e , representing 
a ca lcoalkal ine nature of the rocks. The plot of these rocks 
in ca l c -a lka l ine f i e l d asiy not be attributctd t o the nagniatic 
variaticm, because the rocks have an addit ional soda c^itent , 
causing values of a l k a l i s higher than the noroal . The 
diagrais ev ident ly desM^nstrates that i t i s the addit ional 
content of soda which pul l s the points from across the boimdary 
l i n e in to the f i e l d of ca l c -a lka l ine b a s a l t . 
ha f«ir as the ir najor elatnent sbundanccs are concerned, 
in a l l p o s s i b i l i t y , the chamoli Volcanics appear t o be very 
s i s i i l ar to that of t h o l e i i t i c basa l t . Some variat ion diagrams 
l i k e P80*-FeO*/^-^ ^nd Ti02-F*0 */HgO diagrairs demonstrdte an 
oceanic tholet i i te a f f i n i t y . But t h o l e i i t e , or oceanic 
t h o l e i i t e a f f i n i t y of the chanoli Volcanics needs further 
ccmfir«ation in view of ths p o s s i b i l i t y that the major el«>fn^nts 
Kight have been affected beymKl expectation due t o Mobilisation 
in the poet-consol idation period. Therefore, in on2er to 
c l a s s i f y ths nagMa types aore objec t ive ly , the nethods baaed 
on i snobi l e trace e l^tents are a l so used herein* 
Usin^ the c l a s s i f i c a t i o n procedure developed by Floyd and 
Winchester (1975) and Winchester and Floyd (1976, 1977) the 
FIG. II A F M ( A - N a 2 0 •*• K2O, F - T O T A L I R O N AS 
F e O , M - MC50 ) DIAGRAM FOR C H A M O L I V O L C A N I C S 
A - D H A R I VOLCANIC o - K AR N APR AYAG VOLCANIC 
• - BHEKUNA VOLCANIC A - B A S I C INTRUSIVES 
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ChamolX Volcanlcs have \Hi«n plotted in various varlatl<x: 
diaciraons t c d i s t inguish t h e i r oriQioal nagma typ«. A 
thoX«i i t i c a f f i n i t y i s indicated in TiOj-Fr/F^Oj, Nb/y-Zr/PjOg. 
SiOj-zx/TiOj, siOj-Nb/y. 2rAi02-M>/y and RrAlC2"^* p lo t s 
( a l l in Figure 12} . Tbs re su l t s obt<iincK3 by theas diagrans 
are waore r e l i ^ l e because emong various minor and trace 
e lenents . Ti, Zx, Y, lft> and Ok have been widely accented as 
iMHic^ile during ^feathering, iMitaKiorphia» and s p i l i t i s a t i w i 
(Cann« 1970/ BloKan and Lewis, 1972/ Pearce and Cann, 1973}. 
Variatic^ diagrams based <m these elenients have been very 
success fu l ly applied to d i f f erent ia te the magRsa type of various 
altered basa l t s (Beccaluva e t a l . , 19777 Goossons ot a l . , 1977/ 
Floyd ano Winchester* 1978). in TiOj-Er/PjOj and siOj-Fx/TiOj 
diagrams (Fig. 12a and c ) , the p lo t s of Chamoli VoXcanics in 
enclosed f i e l d s d«8onstr«>te t h e i r oceanic t h o l e i i t e a f f i n i t y . 
However, in siOj-Zx/I'lOj (Fig. 12c) and si02>>a>/Y (Fig. 12d) 
variatiMi diagrapis, the inc l inat ion of p lo t s towards the 
bouocary bet%««n andssite and basal t indicates t h e i r b a s a l t i c 
andesite nature. 
The above discussed cesu l t s obtained by the lonobile 
minor «»d trace el«nants are consistcant with the interpretat ion 
drawn by using »ajor elern^mt dbioidances. Therefore* i t t^y ^^ 
concluded that the Chaaoli Volcanics are actual ly oceanic 
type t h o l e i i t e which have suffered a soda netasosiatisin. 
Furthenaore* the coincident resu l t s obtained fron various 
•tajor elentents and ismobile minor and trace eleinent d ie tr ibut i iw 
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indicate that though th« Chanoli Volcanlcs haw suffered 
a l t e m t i o n and soda iwtasooiati«R« yet laost of t h e i r wajor 
• lenent contents, excluding Na-O, CaO and aiO^ have not been 
affected to such an extent that may convert the rocks of 
one eruptive environn««it into other . 
Chapter IV 
TMC& SLEMSMT GSOCffiyriSTRY 
G«n«ral s t « t « B « i t 
Trace e lements e v i d e n t l y play a n a j o r r o l e in mxSeling 
t h e f r a c t i o n a t i o n of b a s a l t i c inagma (Taylor, 1965/ Cast , 
19661 Kaskin e t a l , , 1970} z i e l i n s k i and Frey, 1970i Hubbaid 
e t a l . , 1971; w i e l l e t a l , , 1 9 7 4 ) , They have s e v e r a l d i s t i n c t 
advantages over major e l e m e n t s . For exemple, in genera l , 
t r a c e e lentents are p a r t i t i o n e d more s t r o n g l y than major e lements 
intu e i t h e r the c r y s t a l l i n e o r l i q u i d phase making t h c ^ more 
• e n s i t i v e i n d i c a t o r of both degree and mechanism of 
d i f f e r e n t i a t i o n . The concentra t ion of t r a c e e lements in v o l c a n i c 
l o c k s depends on three independent f a c t o r s , v i s . , 1) the 
concent rat imi of t h a t elen>ent in source of l i q u i d , 2 ) the 
Mctent of chemical f r a c t i o n a t i o n t h a t t a k e s p lace during m e l t i n g 
and 3 ) f i n a l l y the c r y s t a l l i s a t i o n of the lic^uid (Gast« 1 9 6 6 ) . 
T i l l t o date no a n a l y t i c a l data on the t r a c e e lements o r 
i s o t o p e s from most of vo lc^wic occurrMK»s of RLnalaya i s 
a v a i l a b l e . The o n l y c o n t r i b u t i o n oo the KliBalayan b a s i c 
rocks i s by Divakara Rao e t a l . , (1974) , who s t u d i e d t h e 
Bhowali Volcoinics by prasent ing both major and some t r a c e 
elecr^ent a n a l y s e s . Zh t h e pres^mt s tudy, t r a c e e lentents of many 
72 
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p e t c o g a n e t l c aigniClCdnces w»re (Setenslned In oxx3er t o f ind 
out tha iDagDiatic e v o l u t i o n of Chamoll V o l c ^ i l c a . 
Nl« Co, Cr, V, Cu« Cm tknd Gd irare d«t«ns lned by u s i n g Pci 
«nd In a s Intarna l standacds wi th a Hl lgar & v^ratts larg« 
quar t s , I l t t r o w sFoctrograph, iBathods suggsstad by Ahxens 
and Taylor (1961) and SKsdlfiad by Naqvl and HUtssaln ( 1 9 7 2 ) . 
Pio, s r , zr, Y and NI> % r^« analysed by Atomic ^ s o r p t i o n 
Spectrophotonatar . The po%«daxed samples t#ere d i g e s t e d witli 
}W and HNO^  and made upto e known vol iase . The s o l u t i o n was 
fed t o a var ian Techtron Model AAr>lOC ASS and v a r i o u s e lements 
were deten^ined us ing t h e i r r e s | : e c t i v e hallow<>cathode lamps. 
A l l data «iere stand.^rdi3ed a g a i n s t U3GS standazds BCR^l, t ^ l 
and 3Y-1 . A suiftnierised account c f the procedures of chenfical 
a n a l y s i s i s presented in t a b l e 1 . 
The chemical data i s present«K3 in t a b l e 7 and t h e behaviour 
and d i s t r i b u t i o n of t h e d i f f e r e n t t r a c e e lmoents are d i s c u s s e d 
i n t h e f o l l o w i n g paragraphs. Ava i lab le t r a c e eleiment 
teten^iAations aade <^ o t h e r Himalayan b a s i c s have a l s o be€m 
examined f o r t h e purpose of a s s e s s i n g r e g i o n a l v a r i a t i o n of t h e 
e l e m w i t s , i f any (Table 8 ) . 
Trace Clement D i s t r i b u t i o n 
N i c k e l , t h ^ i s b e l i e v e d t o be very s e n s i t i v e t o f r a c t i o n a l 
c r y s t a l l i s a t i o n in the e a r l y s t a g e of d i f f e r e n t i a t i o n , shows 
c o n s i d e r a b l e v a r i a t i o n in the Chamoli V o l c a n i c s . I t ranges 
TABl£ 7 
Trace element co«position and element re t lee of 
Chemoll Volcenlce 
(pin) 
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DWkttl VOLCAHZC 
Sample 
Ho . 
Co 
Cr 
Cu 
Ce 
Hi. 
V 
Ga 
ito 
j ^ 
sr 
Zt 
Hb 
Y 
C r / N l 
i4>/sr 
K/llB 
K / 3 r 
z r / P j O j 
Nb/Y 
z r A i O j 
US 
43 
38 
IC 
30 
S5 
6 2 
9 
5 6 
S3 
2 5 0 
60 
2C 
3S 
0 . 6 9 
0 . 2 1 
2S3 
S 3 . 6 0 
0 . 0 3 
0 . 5 7 
D6 
6 
S 
10 
5 
2 
155 
5 
nu 
26 
260 
40 
le 
30 
2 . 5 0 
0 . 1 0 
227 
2 2 . 6 9 
0 . 0 2 
0 . 6 0 
06 
5 1 
9 1 
S 
S 
46 
130 
5 
S 
35 
2 4 0 
140 
22 
20 
1 6 . 2 0 
0 . 1 4 
397 
5 7 . 9 2 
0 . 1 4 
1 . 1 1 
0 .C07 0 . 0 3 0 0 .007 
N.--' B Not d e t e c t e d . 
D20 
275 
103 
16 
5 
36 
6 1 
16 
7 
40 
3 0 0 
60 
15 
27 
2 . 9 0 
0 . 1 3 
322 
4 3 . 0 0 
0 . 0 3 
0 . 5 5 
D22 
82 
5 0 
S 
3S 
9 
46 
11 
7 
35 
3 4 0 
80 
U 
35 
5 . 5 0 
O.lO 
3 5 4 
3 6 . 4 7 
0 . 0 2 
0 . 5 1 
' 0 . 0 4 0 0 . 0 3 6 
03S 
28 
37 
25 
HD 
20 
165 
15 
105 
2 4 
302 
125 
13 
26 
1 . 8 5 
0 . 0 8 
2 7 1 
2 1 . S 2 
0 . 0 4 
0 . 4 6 
0 . 0 2 8 
O30 
16 
5 
430 
30 
2 
36 
16 
11 
20 
340 
50 
12 
25 
2 . 5 0 
0 . 0 6 
495 
2 9 . 1 2 
0 . 0 8 
0 . 4 8 
0 . 0 3 1 
D32 
30 
50 
12 
10 
40 
ISO 
18 
30 
40 
2 5 0 
125 
e 
22 
1 .25 
0 . 1 6 
312 
so.oc 
0 . 0 1 
0 . 3 6 
0 . 0 1 0 
038 
50 
40 
18 
ND 
25 
50 
5 
15 
30 
300 
50 
11 
2 4 
1 . 6 0 
0 . 1 0 
2 2 3 
2 2 . 3 3 
0 . 0 4 
0 . 4 6 
o.dio 
D40 
I S 
35 
200 
ND 
20 
60 
15 
8 
35 
310 
40 
10 
25 
1 .75 
0 . 1 1 
289 
3 2 . 5 8 
0 . 0 4 
0 . 4 0 
0 . 0 3 0 
( C o n t a . ) 
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TABlfc- 7 ( C o n t d . ) 
KARNAPRAYAG VOLCANIC 
No . 
Co 
cr 
CU 
Oe 
Ni 
V 
Ca 
I%3 
Rb 
3 r 
2 r 
Kb 
Y 
cr/Nl 
rtt>/sr 
K/Bb 
K/sr 
z r / P j O j 
Nb/Y 
Z l / l l O j 
NX> s Not 
KlO 
e 
6 
60 
IS 
6 
loco 
5 
Ni; 
45 
250 
60 
12 
30 
1.00 
0.1£ 
331 
59.60 
0.03 
0.40 
0.006 
detected. 
Kl5 
17 
10 
lOCC 
17 
IS 
390 
HD 
HD 
41 
240 
55 
10 
22 
0 . 6 6 
0 . 1 7 
30S 
52.oe 
0 . 0 1 
0 . 4 5 
0 . 0 0 6 
IC23 
14 
22 
looc 
16 
42 
1000 
5 
ND 
20 
290 
120 
14 
28 
0 . 5 2 
0 . 0 7 
155 
1 0 . 6 9 
0 . 0 3 
0 . 5 0 
0 . 0 0 6 
K27 
9 
6 
660 
6 
3 
7 0 0 
5 
ND 
15 
290 
110 
13 
26 
2 . 0 0 
0 . 0 5 
eo 
4 . 1 4 
0 . 0 3 
0 . 5 0 
0 . 0 0 9 
K30 
9 
B 
140 
NO 
3 
3 6 0 
6 
ND 
36 
382 
130 
12 
32 
2 . 6 6 
0 . 0 9 
163 
1 S . « 
0 . 0 3 
0 . 3 7 
0 . 0 0 9 
(Co 
K32 
9 
5 
230 
9 
2 
lOCC 
5 
ND 
60 
2 0 0 
120 
18 
32 
2 . 5 0 
0 . 3 0 
316 
9 5 . 0 0 
0 . 0 5 
0 . 5 6 
0 . 0 0 6 
rstd, ) 
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TABLE 7 (Contd . ) 
KAraJAPRAYAfC VOLCANIC 
Ho. 
Co 
c r 
c u 
Ge 
HI 
V 
c a 
Ft) 
f^ 
s r 
z r 
Kb 
Y 
c r / N l 
S b / 3 r 
K/ito 
K / a r 
z r / P j O j 
N b / y 
z r A A C j 
K36 
S6 
20 
78 
ND 
5 
112 
11 
30 
29 
290 
70 
14 
29 
4 , 0 t 
o . i c 
8 6 
8 . 6 2 
C.03 
0 . 4 6 
0 . 0 0 6 
K42 
12 
as 
62 
ND 
7 
57 
5 
HD 
26 
302 
ICC 
12 
30 
3 . 6 0 
0 . 0 9 
2S0 
2 1 . 5 2 
0 . 0 4 
0 . 4 0 
c.ooe 
X4S 
15 
34 
1000 
s 
s 
46 
5 
ND 
15 
332 
9 0 
10 
28 
6 . 8 0 
0 . 0 5 
60 
2 . 7 1 
C.Ol 
0 . 3 6 
0 . 0 0 8 
K50 
27 
1 1 
loco 
5 
8 
52 
21 
5 
16 
540 
130 
10 
35 
4 . 0 0 
0 . 0 3 
156 
4 . 6 3 
0 . 0 2 
0 . 2 6 
0 . 0 0 5 
K60 
34 
7 1 
260 
5 
5 
6 6 
28 
8 
25 
236 
100 
17 
29 
1 4 . 2 0 
C.lO 
100 
1 0 . 5 9 
0 . 0 2 
0 . 5 9 
0 . 0 0 6 
KlOl 
7 1 
9 0 
1000 
59 
34 
92 
17 
17 
45 
302 
€ 0 
16 
35 
2 . 6 4 
0 . 1 5 
353 
5 2 . 6 5 
0 . 0 3 
0 . 4 5 
0 . 0 0 7 
ND m Hot d e t e c t e d . 
( C o n t d . } 
TABUS 7 ( C o n t d . } 
BHSKUHA VOLC.XKXC 
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S4BBpl« 
Wo. 
Co 
cr 
cu 
G9 
Hi 
V 
Ga 
It) 
I«> 
sr 
7 r 
i«b 
Y 
C x / N i 
l»>/3r 
l;/l«> 
i^sr 
Er/PjOg 
Mb/Y 
zz/riOj 
ND « » o t 
B l 
42 
4 7 
7 0 0 
5 
7 
2 1 
12 
RD 
5C 
360 
130 
20 
40 
6 . 7 1 
0 . 1 3 
262 
3 4 . 4 7 
0 . 0 3 
0 . 5 0 
0 . 0 0 9 
B32 
13 
110 
1000 
MD 
7 5 
5 1 0 
5 
ND 
3 0 
24C 
1 2 5 
le 
3 6 
1 . 4 4 
0 . 1 3 
4 0 0 
5 0 . 0 0 
0 . 0 1 
0 . 5 0 
c.ci 
d o t a c t e d . 
B3S 
1 3 
5 
1000 
HD 
2 
3 8 0 
12 
KD 
4 0 
256 
7 0 
9 
2 0 
2 . 5 0 
0 . 1 6 
267 
4 4 . 9 2 
0 . 0 3 
0 . 4 S 
0 . 0 2 ] 
1 
B40 
2 0 
2 1 
1000 
HD 
5 
760 
5 
ND 
2 6 
3 0 4 
5 0 
e 
2 2 
4 . 2 0 
0 . 0 9 
1 2 5 
1 1 . 5 1 
0 . 0 2 
0 . 3 6 
L 0 . 0 2 
^ - " > ' ' 
B42 
I S 
3 3 
5 
6 
IB 
2 7 5 
5 
MD 
2 4 
3 3 0 
6 0 
9 
2 4 
1 . 8 3 
0 . 0 7 
2 1 
1 0 . 5 2 
o.oi 
0 . 3 7 
0 . 0 3 
, ^ : ^ / ^ ^ £ 
• " ^ , 
B46 
12 
2 6 
loco 
16 
15 
1 6 5 
2 0 
MD 
45 
3 2 6 
5 0 
10 
3 0 
1 . 7 3 
0 . 1 4 
8 0 
1 0 . 9 8 
0 . 0 1 
0 . 3 3 
C.02 
) ^ % > ^ • 
B47 
13 
2 6 
5 3 0 
16 
2 2 
1 6 0 
6 
ND 
2 6 
300 
62 
13 
2 6 
1 . 2 0 
0 . 0 9 
2 3 1 
2 0 . 0 0 
0 . 0 2 
0 . 4 6 
B48 
2 0 
17 
5 
7 
1 0 
loco 
5 
ND 
37 
330 
6 0 
1 0 
2 6 
1 . 7 0 
0 . 1 1 
1 6 6 
1 6 . 7 9 
0*02 
0 , 3 6 
0 . 0 0 6 0 . 0 0 7 
. ' . \ 
..',•7^ 
B50 
1 6 
1 0 
2 8 0 
ND 
17 
2 7 0 
6 
ND 
2 6 
2 4 0 
6 5 
2 0 
3 0 
0 . 6 0 
0 . 1 2 
5 7 1 
6 6 . 6 7 
0 . 0 3 
0 . 6 6 
0 . 0 0 7 
(Contd 
B S 2 
1 0 
6 3 
2 6 
9 
5 0 
5 4 0 
5 
HD 
4 6 
2 6 0 
5 5 
16 
2 9 
0 . 5 2 
0 . 1 8 
4 3 3 
7 6 . 5 4 
0 . 0 6 
0 . 6 2 
0 . 0 0 5 
. ) 
7e 
TABLS 7 ( C o n t d . ) 
BASIC XHTHUSIVl 
BO. 
Co 
cr 
cu 
cm 
?U 
V 
CA 
Pb 
Fto 
sr 
zr 
Mb 
Y 
C r / N l 
R B / s r 
K/lft> 
K / 3 r 
Jtr/^aOj 
Nb/Y 
Er /T lOj 
Z2 
6 
10 
12 
e 
5 
390 
S 
ND 
26 
390 
130 
25 
35 
2.00 
0.09 
150 
10.00 
0.05 
0 .71 
0.006 
X20 
9 
3 4 
260 
5 
6 
360 
e 
NI> 
61 
300 
62 
16 
28 
5.60 
0.20 
162 
33.00 
0.02 
0.57 
0.007 
Z30 
2 1 
5 
1000 
ND 
3 
235 
13 
ND 
35 
382 
95 
14 
26 
1.66 
0.09 
214 
19.63 
0.04 
0.56 
0.006 
133 
36 
170 
960 
17 
26 
5 1 
15 
ND 
16 
560 
125 
18 
30 
6.07 
0.03 
75 
2.14 
0.04 
0.60 
0.006 
Z38 
18 
6 
300 
MD 
le 
60 
6 
ND 
30 
330 
8 0 
15 
26 
0.33 
0.09 
330 
30.00 
0.05 
0.57 
0.006 
140 
27 
17 
1000 
2 4 
10 
49 
14 
ND 
2 6 
340 
65 
1 4 
29 
1.70 
o.oe 
143 
10.88 
0.02 
0.48 
o.oos 
X42 
u 
9 
1 4 0 
no 
5 
170 
7 
MD 
37 
342 
66 
12 
25 
1.80 
0.11 
281 
30.41 
0 .0 ) 
0.48 
0.047 
146 
29 
42 
9 6 
ND 
9 
130 
8 
ND 
30 
292 
160 
20 
36 
4.66 
0.10 
280 
28.77 
0.06 
0.52 
0.007 
249 
19 
17 
41 
3 6 
5 
55 
14 
ND 
55 
264 
125 
18 
30 
3.40 
0.21 
227 
47.35 
0.03 
0.60 
0.009 
NL; Not detected. 
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TADI£ 6 
Avor^ge major («f«ight pexcent) and trace mlemmnt. 
contmits (pp») of Ct^moli Volc^unlcs and othar 
b a s a l t i c provincaa of Ki»alaya 
SiOj 
TiOj 
AljOj 
Fe^Oj 
FeO 
M9O 
CaO 
Na^O 
KjC 
P2O5 
MnO 
HjO 
CO 
cr 
cu 
Ge 
N i 
V 
Ga 
Po 
Fto 
St 
2 r 
Mb 
Y 
A 
9 0 . 5 1 
1.11 
13 .61 
3 .07 
8 . 0 1 
t.ss 
6.69 
4.49 
1.02 
0.42 
0 .21 
1.5S 
29 
34 
39e 
10 
19 
270 
11 
7 
34 
3 1 1 
6 9 
15 
28 
B 
50 .89 
1.00 
14 .79 
2 .17 
8 . 7 9 
8 . 9 2 
5 . 4 0 
4 .64 
1.14 
0 . 3 6 
0 .13 
-
22 
170 
56 
-
166 
263 
14 
-
-
-
«» 
-
-
c 
9 3 . 2 1 
1.14 
14 .2S 
2 . 1 7 
6 . 0 6 
6 . 9 7 
3 .02 
3 .90 
2 .03 
0 .02 
0 . 3 1 
4 .38 
-
-
-
-
-
-
-
-
-
-
-
-
-
» 
51 .19 
1 .74 
14 .38 
1.77 
6 . 8 9 
5 .44 
9 . 5 7 
3 .39 
1.17 
0 .20 
0 .13 
2 .14 
IS 
68 
197 
-
32 
378 
10 
-
7 6 
173 
l U 
10 
48 
A • Avara^ Chamoli Volcanlcs (present work). 
B " Avera^ Bho^irall Volcanlcs (Oivakara Rao e t a l . , 1974}• 
C - Avrerage Hand! Volcanlcs (Patwaxdhtfi «nd Bhandari, 1974), 
D - Average P«ijal Volcanics (Bhatt, F . I . , Personal 
klcation). 
80 
trcfi 2 to 75 pfm with an av«r«ioe of 19 ppw. In the Dhazl Volcanic 
flow the Nl contents vury bettMMn 2 and 55 ppni %fith an aveivC^ 
of 26 ppR. Ni in Kaznaprayao Volccunic shows a variat ion tram 
2 to 42 pipm averaQiriQ at 34 ppm» Zn th9 youngest Bhsktma 
Volcanic, i t VAries ttom 2 t o 75 ppn with an arverage valu« of 
25 ppn. The associated intrusiv«8 show en averags Hi ^MDt«nt 
of IC ppin, ranging f nxn 3 t o 26 ppn. Whsn conaparsd t o oth^r 
b a s a l t i c s u i t e s of the world (Prins, 1967), the Chamoli 
Volcanics seem to be highly depleted in t^seir Ki contents . In 
b a s a l t i c xocka tlie general behaviour of Ni i s such that the 
element alone? with Cr prefer©nti<ally enter into octahedral 
coordinaticti s i t e s because of ligand l iquid f i e l d e f f e c t 
(Bums anc Fyee, 1964). In general, Ni enters into the 
ferrcmagnesiurn s i l i c a t e s l ike o l i v i n e in the early stage of 
d i f f erent ia t ion , and uptc the middle stage i t i s aliRost 
coi^ipletolv letaoved frocr. the eaelt (Vogt, 1923; Wager and 
Mitchel l . 1951; Storn^ and Hollcind, 1957; Rlngwood. 1955 and 
Turekian, 1963). Due to t h i s tendency of Ni t o bec»xr« 
enriched in the early products of d i f f erent ia t ion , the para l l e l 
i n c r e a ^ of Ni with KgC i s expected. When the Ni contents of 
Chairoli Volcanics are plotted against t h e i r HgO values (Fig. 13} 
a syapathatical re lat ion i s observed (r « <«- 0.737, Ttttlm 9 ) . 
The Ni depleted conpcsition of Chanoli Volcanica may, therefore, 
be attriuijted to o l iv i i i e f racti^ftation in the ear ly iKage of 
riifforentiutiou. 
e i 
XAULS 9 
C o r z e l a t i o n c o e f f i c i e n t s between co«ip<ment8 of t h e 
Chenol i V o l c a o i c s 
SiOj 
T iOj 
AI2O3 
Fe jOj 
FeO 
HgO 
CeO 
Ka^O 
KjO 
PjOj 
MnO 
HjO 
Co 
cr 
cu 
ce 
» i 
V 
Ga 
Pb 
Rb 
sr 
zr 
ttb 
Y 
S iOj 
1 
- 0 . 2 1 9 
- 0 . 3 2 8 
0 . 1 8 4 
- 0 . 5 4 9 
- 0 . 3 5 4 
- 0 . 3 7 5 
0 . 3 9 7 
- 0 . 0 3 5 
- 0 . 1 2 6 
0 . 1 6 5 
- 0 . 1 9 9 
- 0 . 1 1 4 
- 0 . 2 9 5 
- C . 2 9 3 
0 . 0 7 7 
- 0 . 4 3 9 
- 0 . 0 0 5 
- 0 . 1 1 2 
- 0 . 0 8 1 
0 . 2 3 1 
- 0 . 0 7 1 
- 0 . 2 9 1 
- 0 . 1 0 1 
- 0 . 0 1 1 
TiO^ 
- 0 . 2 1 9 
1 
- 0 . 1 B 6 
- 0 . 1 1 5 
0 . 1 3 1 
- 0 . 0 7 3 
0 . 3 2 0 
- 0 . 0 9 4 
- 0 . 1 7 6 
0 . 0 5 4 
0 . 1 1 8 
- 0 . 2 9 9 
-o.ieo 
0 . 1 7 2 
0 . 1 9 4 
> 0 . 0 0 8 
0 . 0 5 6 
0 . 0 8 6 
0 . 0 7 6 
- 0 . 0 0 6 
- 0 . 1 6 0 
0 . 2 9 5 
0 . 8 2 3 
0 . 3 8 9 
0 . 3 4 9 
. a j 0 3 
- 0 . 3 2 6 
- 0 . 1 8 6 
1 
- 0 . 1 5 8 
0 . 2 4 0 
0 . 0 0 3 
- 0 . 0 9 2 
- 0 . 1 4 9 
- 0 . 0 1 0 
0 . 0 4 3 
- 0 . 1 5 9 
C.066 
0 . 1 6 2 
- 0 . 0 4 4 
0 . 0 2 4 
- 0 . 3 0 7 
0 . 0 2 0 
- 0 . 2 8 3 
0 . 2 3 3 
0 . 2 4 6 
- 0 . 1 4 6 
0 . 0 0 7 
- 0 . 0 8 6 
- 0 . 0 8 4 
- 0 . 0 7 1 
re^Oj 
0 . 1 8 4 
- 0 . 1 1 5 
- 0 . 1 5 8 
1 
- 0 . 6 0 3 
0 . 0 2 4 
- 0 . 2 0 3 
-O.OSS 
0 . 2 6 0 
0 . 1 2 0 
0 . 0 9 8 
0 . 1 9 4 
-o.ieo 
- 0 . 3 8 1 
- 0 . 2 2 4 
> 0 . 0 9 9 
- 0 . 2 0 6 
0 . 2 4 0 
- 0 . 0 8 4 
0 . 0 5 8 
0 . 2 6 6 
- 0 . 1 8 8 
- 0 . 1 9 3 
-o.oei 
- 0 . 0 9 8 
PeO 
- 0 . 5 4 9 
0 . 1 3 1 
0 . 2 4 0 
- 0 . 6 0 3 
1 
- 0 . 0 9 5 
0 . 4 1 1 
- 0 . 2 2 5 
- 0 . 1 5 3 
0 . 0 6 9 
- 0 . 1 1 7 
- 0 . 0 3 1 
- 0 . 0 0 5 
0 . 2 7 4 
0 . 2 7 0 
- 0 . 0 1 3 
0 . 1 8 8 
- 0 . 1 3 9 
0 . 2 6 9 
- 0 . 1 7 7 
- 0 . 1 7 4 
0 . 2 2 5 
0 . 2 4 8 
- 0 . 0 0 4 
0 . 0 0 9 
«oo 
- 0 . 3 5 4 
- 0 . C 7 3 
0 . 0 0 3 
0 . 0 2 4 
- 0 . 0 9 5 
1 
- 0 . 2 9 3 
- 0 . 1 7 3 
0 . 2 1 0 
0 . 2 6 2 
- 0 . 1 2 1 
0 . 1 0 9 
0 . 1 8 1 
0 . 2 4 9 
- 0 . 1 0 6 
0 . 0 7 9 
0 . 7 3 7 
0 . 0 0 3 
0 . 1 6 3 
0 . 2 8 0 
0 . 0 0 1 
- 0 . 2 2 8 
0 . 0 0 5 
0 . 1 3 0 
- 0 . 0 0 2 
CaO 
- 0 . 3 7 5 
0 . 3 2 0 
- 0 . 0 9 2 
- 0 . 2 0 3 
0 . 4 1 1 
- 0 . 2 9 3 
1 
- 0 . 3 2 3 
- 0 . 3 5 6 
0 . 0 6 7 
0 . 1 6 7 
0 . 1 9 7 
- 0 . 0 1 5 
0 . 1 6 7 
0 . 4 0 3 
- 0 . 0 9 7 
- O . U O 
0 . 0 9 0 
0 . 0 4 8 
- 0 . 1 7 5 
- 0 . 3 2 1 
0 . 3 7 3 
0 . 2 7 5 
- 0 . U 2 
- O . U O 
Na^O 
0 . 3 9 7 
- 0 . 0 9 4 
- 0 . 1 4 9 
-O.OSS 
- 0 . 2 2 5 
- 0 . 1 7 3 
- 0 . 3 2 3 
1 
- 0 . 1 0 4 
0 . 1 3 9 
- 0 . 0 7 6 
0 . 2 3 1 
- 0 . 2 0 
- 0 . 1 3 1 
0 . 0 8 6 
0 . 0 2 7 
- 0 . 0 6 7 
0 . 0 2 2 
- 0 . 0 7 2 
0 . 0 7 3 
0 . 0 2 0 
- 0 . 1 0 1 
- 0 . 0 3 3 
- 0 . 1 9 8 
0 . 0 0 8 
KjO 
- 0 . 0 3 5 
- 0 . 1 7 6 
- 0 . 0 1 0 
0 . 2 6 0 
- 0 . 1 5 3 
0 . 2 1 0 
- 0 . 3 5 8 
- 0 . 1 0 4 
1 
0 . 0 0 2 
- 0 . 2 9 6 
0 . 2 8 1 
0 . 1 6 5 
0 . 0 6 0 
- 0 . 3 3 7 
0 . 2 4 1 
0 . 3 3 2 
0 . U 4 
0 . 0 4 7 
0 . 0 X 9 
0 . 7 2 0 
- 0 . 4 5 9 
- 0 . 1 1 2 
0 . 3 1 2 
0 . 0 8 1 
(Contd. ) 
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SiOj 
T102 
AljOj 
' •2^3 
F«0 
MgO 
caO 
NdjO 
KjO 
P205 
KnO 
1^0 
Co 
cr 
cu 
CM 
Hi 
V 
Ga 
Fb 
Rb 
sr 
zr 
Mb 
Y 
PjOj 
- 0 . 1 2 6 
0 .0S4 
0 .043 
0 .120 
0 .069 
0 .262 
0 .067 
0 .139 
0 .002 
1 
>0 .224 
- 0 . 0 2 1 
- 0 . 0 4 7 
C.112 
0 . 1 1 4 
0 .135 
0.3f f 
- 0 . 0 9 S 
0 .477 
0 .278 
o.oeo 
- 0 . 1 4 8 
0 .128 
- 0 . 1 S 8 
0 . 3 1 0 
Mao 
0.16S 
0 .118 
- 0 . 1 S 9 
0 .098 
-C.117 
- 0 . 1 2 1 
0 .160 
- 0 . 0 7 6 
- 0 . 2 9 6 
- 0 . 2 2 4 
1 
- 0 . 3 1 2 
-0 .3S9 
- 0 . 2 7 8 
0.68 
- 0 . 2 1 2 
- 0 . 2 0 2 
0 .262 
- 0 . 2 3 1 
- 0 . 3 6 5 
- 0 . 2 5 4 
0 .146 
- 0 . 0 9 0 
- 0 . 0 1 8 
0 .104 
HjO 
- 0 . 1 9 9 
- 0 . 2 9 9 
0 .086 
0 . 1 9 4 
- 0 . 0 3 1 
0 .109 
- 0 . 1 9 7 
- 0 . 2 3 1 
0 .281 
- 0 . 0 2 1 
- 0 . 3 1 2 
1 
0.303 
0.075 
- 0 . 2 0 4 
0.352 
0 .074 
- 0 . 2 4 5 
0 .163 
0.248 
0 .089 
- 0 . 1 0 4 
- 0 . 1 7 2 
- 0 . 0 6 9 
- 0 . 1 5 7 
Co 
- 0 . 1 1 4 
- 0 . 1 8 0 
0.182 
- 0 . 1 8 0 
- 0 . 0 0 5 
0 .181 
- 0 . 0 1 5 
- 0 . 0 2 0 
0.165 
- 0 . 0 4 7 
- 0 . 3 5 9 
0 .303 
1 
0.457 
- 0 . 2 1 6 
0 .121 
0 .241 
- 0 . 2 7 0 
0.102 
0 .129 
0 .097 
0 .000 
- 0 . 6 2 
o.uo 
0 . 0 t 9 
Cr 
- 0 . 2 9 5 
0 .172 
- 0 . 0 4 4 
- 0 . 3 8 1 
0 .274 
0 .249 
0.167 
- 0 . 1 3 1 
0 .060 
-C.112 
- 0 . 2 7 8 
0.075 
0.457 
1 
0 .016 
0 .161 
0.612 
- 0 . 2 7 1 
0 .166 
0 .077 
- 0 . 0 6 7 
0 .202 
0 . 2 6 1 
0 .296 
0 .163 
Cu 
- 0 . 2 9 3 
0 .194 
0 .024 
- 0 . 2 2 4 
0 .270 
- 0 . 1 0 6 
0 .403 
0 .086 
- 0 . 3 7 7 
0 .114 
C.168 
- 0 . 2 0 4 
- 0 . 2 1 6 
C.016 
1 
- 0 . 0 5 4 
- 0 . 0 4 4 
0 .100 
- 0 . 0 9 3 
- 0 . 3 0 0 
- 0 . 2 9 4 
0 .293 
0.108 
- 0 . 2 9 2 
-^•042 
Go 
0.077 
- 0 . 0 0 8 
- 0 . 3 0 7 
- 0 . 0 0 
0 .013 
0 .079 
- 0 . 0 9 7 
0 .027 
0 .241 
0.135 
0.212 
0.352 
0 .121 
0 .161 
^0.054 
1 
0 .144 
- 0 . 1 2 9 
0 . 0 9 1 
0 .065 
0 .244 
0 .013 
0 .060 
0 .156 
0 .243 
(Oontd 
Mi 
- 0 . 4 3 9 
0 .0S6 
0 .020 
- 0 . 2 0 6 
0 .188 
0 .737 
- 0 . 1 1 0 
- 0 . 0 6 7 
0 .332 
0 .388 
- 0 . 2 0 2 
0 .074 
0 .241 
0.612 
C.044 
0 .144 
1 
0.003 
0 .158 
0 .233 
0 .088 
- 0 . 2 3 9 
0 .106 
0 .223 
0 .039 
. ) 
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£3 
SlOj 
TlOj 
AljOj 
' • 2 ° 3 
r^ 
MgO 
CaO 
Ha^O 
KjO 
PjOj 
MnO 
HjO 
Co 
Cr 
Cu 
Ge 
2^ 1 
V 
Ga 
Eto 
J^ 
sr 
zr 
m> 
Y 
V 
-o.oos 
0 .086 
- 0 . 2 6 3 
0 .240 
- 0 . 1 3 9 
0 .003 
0 .090 
0 .022 
0 .114 
-0.09© 
0.262 
- 0 . 2 4 5 
- 0 . 2 7 0 
- 0 . 2 7 1 
0 .100 
- 0 . 1 2 9 
0 .003 
1 
- 0 . 2 3 4 
- 0 . 2 1 5 
0 .156 
- 0 . 2 1 0 
- 0 . 0 0 2 
- 0 . 1 1 9 
- 0 . 0 9 4 
G« 
- 0 . 1 1 2 
0 .076 
0 .233 
- 0 . 0 6 4 
0 .269 
0 .163 
0 .046 
- 0 . 0 7 2 
0 .047 
0.447 
C.231 
0 .163 
0.102 
0 .166 
- 0 . 0 9 3 
0 .091 
0.156 
- 0 . 2 3 4 
1 
0.2S6 
0 .064 
- 0 . 0 2 9 
0.218 
- 0 , 2 3 9 
- 0 . 1 S 3 
» > 
- 0 . 0 6 1 
- 0 . 0 0 6 
0 .246 
0 .056 
- 0 . 1 7 7 
0 .260 
- 0 . 1 7 5 
0 .073 
0 .019 
0 .278 
- 0 . 3 6 S 
0.249 
0.129 
0 .077 
- 0 . 3 0 0 
C.065 
0 .233 
- 0 . 2 1 5 
0 .256 
1 
0 .001 
- 0 . 1 2 6 
0 .094 
- 0 . 0 2 1 
0 .008 
m 
0 .231 
- 0 . 1 6 0 
- 0 . 1 4 6 
0 .266 
0 .174 
0 .001 
- 0 . 3 2 1 
0 .020 
0 .720 
o.oeo 
- 0 . 2 5 4 
0.069 
0.097 
«0 .067 
- 0 . 2 9 4 
0 .244 
o.oee 
0.1S6 
0 .064 
0 .001 
1 
- 0 . 3 7 9 
0.127 
0 .194 
0 . U 4 
3 r 
- 0 . 0 7 1 
0 .295 
0.007 
- 0 . 1 6 6 
0 .225 
- 0 . 2 2 8 
0 .371 
- 0 . 1 0 1 
- 0 . 4 5 9 
- 0 . 1 4 8 
0 .146 
- 0 . 1 0 4 
0 .000 
0 .202 
0 .293 
0 .013 
- 0 . 2 3 9 
- 0 . 2 1 0 
- 0 . 0 2 9 
- 0 . 1 2 8 
- 0 . 3 7 9 
1 
0.223 
- 0 . 1 0 1 
0.262 
zr 
- 0 . 2 9 1 
0 .623 
- 0 . 0 6 6 
- 0 . 1 9 3 
0.248 
0.005 
0.275 
- 0 . 0 3 3 
- 0 . 1 1 2 
0.126 
- 0 . 0 9 0 
- 0 . 1 7 2 
- 0 . 0 6 2 
0 .261 
0.10& 
- 0 . 0 6 0 
0 .106 
- 0 . 0 0 2 
0 .216 
0 .094 
- 0 . 1 2 7 
0 .223 
1 
0.357 
0 .388 
1 ^ 
- 0 . 1 0 1 
0.369 
- 0 . 0 6 4 
- 0 . 0 6 1 
- 0 . 0 0 4 
0 .130 
- 0 . 1 1 2 
- 0 . 1 9 6 
0 .312 
- 0 . 1 5 8 
-O.Olf" 
- 0 . 0 6 9 
0 .110 
0 .296 
- 0 . 2 9 2 
0 .156 
0 .223 
- 0 . 1 1 9 
- 0 . 2 3 9 
- 0 . 0 2 1 
0 .194 
- 0 . 1 0 1 
0 .357 
1 
0.S60 
Y 
- 0 . 0 1 1 
0 .349 
- 0 . 0 7 1 
- 0 . 0 9 6 
0 .009 
- 0 . 0 0 2 
- 0 . 1 1 0 
0 .008 
0 . 0 6 1 
0 .031 
- 0 . 1 0 4 
>0.157 
0.029 
0 .163 
- 0 . 0 6 2 
C.243 
0.039 
- 0 . 0 9 4 
- 0 . 1 5 3 
0 .006 
0 .134 
0.262 
0.326 
0 .560 
1 
6 7 8 9 lO 
Mg0 7o 
12 
E 
Q. 
Q. 
i_ 
O 
I 60 
I20 
8 0 
4 0 
o 
b 
-
A 
0 
o 
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ChroielutD, which has a lso been con8idera<3 to be « 
s e n s i t i v e trace eiei&ent in d i l£er»nt iat ion of basdXtic 
rocks, var i e s bet%«en 5 and l i e pptn with an average of 34 
Pim, imong the individual flows, tlie highest Cr content 
app<N&rs in Dhari volcanic (average 45 PI:«B}. However, the 
Kazaapmyag and Bhekuna flows show average values of 26 and 
26 ppn m s p e c t i v e l y . iiThen the Cr contents of Chaiaoli 
Volc i^ics are compared t o those of other b a s a l t i c provinces 
of the world (Prins, 1967), they appear to be highly depleted 
l i k e that of the i r Ni contents . The depleted Cr values could 
not bo attributed to the o l i v i n e fractionation b^^cause of i t s 
general tendency t c «) ter in early formed o l i v i n e in a very 
l imited amount due t o valency d i f f i c u l t i e s (Taylor e t a l . , 
1969}. C^ the oilier hand the work of wager and ^^itchell 
(1953), ^scDougall and Loverinc; (1963), and Turekian (1963) 
demonstrates the coherence of Cr in the early formed pyroxene. 
The low enrichtcent of Cr in chamoli bas i c s , therefore, might 
be due t o a fractionation of early c r y s t a l l i s e d pyroacenes. 
The l a t e r pyroxenes always have a l e s s e r amount of Cr, because 
at t h i s stage of d i f f erent ia t ion the l iquid phase htxamm 
depleted in t h e i r Cr concentrations. Therefore, i t i s almost 
evident that the pyroxene present in the mode of Chamoli 
Volcanics represents a l a t e r generation quite depleted in Cr 
content . In figure 13, the Cr values (ppm) of Chamoli 
Volcanlcs are plotted against t h e i r HgO cc^tents (Msight 
per cent) in order to exastine t h e i r genet ic s ign i f i cance . In 
8 6 
t h i s diaerant a pos i t ive correlat ion of Cr with thdt o£ KgO 
i s observed. The s imi lar trend of Ni and Cr with HgO, observed 
by ident i ca l curves in fiQuras 13a and 13b, suooests a 
cohaxence of both Ni ano Cr with HgO during the magiiiatic 
d i f f e r e n t i a t i o n . The plot of Cr against Ni (Fig. 13c) a l so 
shows a pos i t i ve correlat ion (r » -f 0.6X2} betw«»en these tvo, 
a feature indicat ive of a general cohoxtsnce of Ni and Cr. 
AS stated above, Cr in b a s a l t i c rocks wnters preferent ia l ly 
in the pyroxenes. The pos i t ive correlat ion of Hi with Cr in 
these rocks, which are devoid of o l i v i n e , leads to the 
conclusion that net only Cr but a l so Hi has a tendency to 
concentrate preferent ia l ly in the pyroxenes. This pos i t ive 
correlat ion bet%#een n± and Cr with t h e i r depleted values 
seettis t o be <i result of the renioval of the early fomsed o l i v i n e 
ano pyroxene fro«a the melt . Possibly the otagnia during- i t s 
r i se froi» th<3 source, lag^^d behind the heavy phenocrysts of 
t)-<03e minerals. 
It i s generally observed (Tux«kl«n, 1963) that the Cr/Nl 
rat io i s not much aftected by fract ional c r y s t a l l i c e t ion. 
Indicating that the rat io i s probdDly derived from the mantle 
rather than generated by processes in the crus t . In the 
Chanoli Volcanics the oyui rat io shows a wide varlsition 
(0«33«6.6 0}, with an average of 2 .10 . These values are cons i s tent 
with the obsexvaticn of Ghosh ano TrofloKsv (1970), who fowKS 
a low Cr/Ni rat io in Pracasibrian basa l t s (C.1S>C.37) as 
coeqpared to the higher values in yoimger Palaeosoic and 
e>7 
F^esossolc b a s a l t s of Indian sidbcontinenl ( 0 . 3 5 - 0 . e 6 ) . 
Cobalt c o n t e n t s of t h e Charr<oli VoIconics a l s o show a wide 
rmnge of v a r i a t i o n (6-275 ppn) with an awirage ot 29 pf»t. In 
thm Dhari Volcanic which foxms lo%#Bn»ost f low, i t v a r i e s £roa 
6 t o 275 ppn, averdiQin^ a t 55 ppa. Oa the o t h e r hand, the 
Riddle f low (Kamaprayag Vo lcan ic ) shows a range of v a r i a t i o n 
from S t o 56 p$xi> wi th an average of 23 pfM. The uppemos t 
Bhekuna Volcanic , shows an average Co content of 16 ppn« 
ranging between 10 t o 42 ppm. The aa3oclate<l i n t r u s i v e s show 
a v a r i a t i o n from 6 t o 36 ppm, averaging at 20 PP»» Taking a l l 
the t r a c e eleGtent data of ChavBoli Volcanics* i t i s observed 
t h a t thfe» samples with r e l a t i v e l y h igher v a l u e s of Co a l s o hav<R 
t h e h igher valwea of Ni end Cr, AiRcmg t h e t h r e e f lows , the 
h i g h e s t content of CX» appecra t o be in the Dhari Volcanic 
(55 ppm) which a l s o shows the h ighes t concentra t ion of Ni , Cr 
&no h g c . when average Co ccmtent of Ch«R»li volc^inics (29 ppn) 
i s compared wi th that of the o t h e r t h o l e l i t e s of t h e %#orld 
(40 i^ pRi, Prlns* 1967) , i t appears t o b e dkipleted l i k e t h e i r Nl 
and Cr c o n t e n t s . Oeneral ly , In b a s a l t i c nocks, i t l a b e l i e v e d 
t h a t Co l i k e Nl and Cr, a l s o p r e f e r e n t i a l l y o c c u p i e s the 
ootahedjral Goesdlnat loo s i t « s (Bufne and Fyee, 1 9 M ) . I t wa« 
a l s o observed t h a t Co e a t e r s t h e sane minera l s as Nl but In 
coiBparatlvely l e s s e r aaowit (ifager smS M i t c h e l l , 1951; Cornwall 
and Rose, 1957; Mllklnson, 1959; Carr and Tuveklan, 1961; 
Bums and Pyee, 1964 ) . Therefore, there i s an i d e n t i c a l 
behaviour of Co t o beoomi dep le t ed wi th the d e p l e t i o n of Nl but 
e« 
t o a l e s s e r extent . Tha s l i g h t l y lower Co concentrations 
In Ch^Boll Volconlcs in coR)(xirison to other b a s a l t s , support 
the fract ionation of o l i v ine frone the laelt, causing « 
chB plat ion of Ni as %«eli »a Co. 
VanadiuBi cc^tents in these rocks show a range of var iat loa 
from 21 ppn t o 1.000 ppm with an average of 270 ppn. In the 
individual ir>ajor flows, Bhekuna Volcanic (average 410 Pfsi) and 
Kamaprayag Vclccinic (average 406 ppn) shows higher values than 
the lowermost Dhari Volcanic (overage 96 ppm) and associated 
bas ic in trus ives (average 166 pv<n). The range of variat ion 
in three flows appears to be 36 to IfiS ppsi in Dhari Volcanic, 
4£ to 1,000 ppm in Kaznaprayag Volcanic and 21 to 1,000 ppm in 
BheKuna Volcanic, when c<»tpared to the average basa l t s of 
Prins (1967), t^ *e Chctrroli VolcsUilcs show a concentration of V 
very 8imil<ir to that of average t h o l e i i t e a . m the b a s a l t i c 
rocks V i s generally bel ieved to be camouflaged by Fe**^  
during the fractionation of a s i l i c a t e ata<;p>a (Wager and 
Mitchell , 1951). liowever, in Ch^Roli Volcanics the lack of 
corre lat ion between V and Ti (r « 4 0.066} indicates the 
occurrence of these tvio elements in two differ^^nt phases. 
Ti i s an eleinent which occurs in ilaNmonagnetite or in ferrous 
pyroseene. V on the other hand, enters into magnetite, 
pyxeieene and t o a l e s s e r extent in p lagioc lase (Prlns, 1967). 
However* nost abundant occurrences of V are found in magnetites 
anci pyroxenes ot tl-e middle fractionatioii stage (Msager and 
l^itchell , 1951; Wilkinson, 1959). It means, in Chamoli 
f & 
VcicciTiica the e x t e n s i v e reti«val of Aarly fotmea o l i v i n e and 
pytoxsre caused art over t i l l enrichniont of v i ; the rsslduaX 
wcjlt, which in tlie midule stu^« of d i f f e r e n t i a t i o n corporatsd 
w i t h t h e l&te formod pyxoxene and m a c ^ e t i t e . The r e l a t i v e l y 
lowier c o « c e n t r a t i o n of V witl hi^h concentr«4tior. o* H9O, Ni, Cr 
and Co ir. the Dh^ri Volcanix: supifort t h i s i n t e r p r e t a t i o n , 
Galliuir: ill ChaiBoli Volc«inic3 reaig&a from 0 t o 26 {i^ paa wi th 
an average of 11 ppn. In d i f f e r e n t f lows thte h i g h e s t 
ccmcentrat ion appears t o be in Dhcri Volcanic (overact 11 pi^n). 
'i\jo average Ga c o n t e n t s in o t h e r two flows* v i e . , the 
Kamarr^yag Volcanic anci Bhektin^ Volcdnic are IC am'- 8 ppRi 
r e a j ^ c t i v e l y . In the a s s o c i a t e d i n t r u s i v e s i t v a r i e s from 5 
t o 15 jppro witJ an averac« of 9 FP». In b a s a l t i c rocks, Ga 
occura in s i l i c a t e minersI3 g e n e r a l l y cacnouflaofxi by Al, a-i a 
con«tefi|U^ice ol sin^ilc^r s i z e . T>« Ca/Al r a t i o in th« Chamoli 
Vo lcan ic s rweiaina a l n c s t cons tant (al^out 9 ) in a l l the f lows 
atiC i n t r u s i v e s . The average CA content (11 ppn) of thes*^ b a s i c s 
i s s l i c h t l y lower than t h e a v e r a ^ s g iven in the l i t e r a t u r e for 
the b a s a l t i c rocks (17 ppm. Faizbairn e t «! .« 1953* B « l l , 1955, 
Shaw, 1957; 15 ppm, Boriaenok and saukov* i960* Turekian and 
Mwlepehl, 1961; and 18 ppn* Vinogradov* 1 9 6 2 ) . 
Copier* wV.ich in b a s a l t i c rocks g e n e r a l l y occurs a s 
s u l p h i d e s (Rankana and sahcuea* 1950)* shows a wide v a r i a t i o n 
fFr4s S t o 1* COC ppn aver>:.cin<f a t 396 ppn. in t h s d i f f e r e n t 
f lows ttte h ighes t average v a l u e s are c^sexved in Bhekima and 
: amaprayag Volcanlx:3 ( i . e . , 554 ppn and 542 ppn x e s p e c t i v e l y ) . 
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On tho o t h e r htanci, th«» DK^iri Volcanic I3 r e l a t i v e l y dep le t ed 
in Cu {avmnygtt 74 p%m). I t has been sug^««i«d (w^ger ano: 
K i t c h e l l , 1951) tha t duxin^ e a r l i e r s t a g e of c r y s t a l l i c e t i o n 
o£ b a s a l t i c mA^/im.t copper occurs f r e e in the na^ RMi and hBC€mma 
incorporated wi th s i l i c a t e l e i n e r o l s . f4owever» i t i s a generctl 
b e l i e f t h a t Cu content i n c r e a s e s in sonre non s u l f h i d e Biin<%rals 
w i t h advancing fractiox^etion (wager i*nd M i t c h e l l , 19S1} Cornwall 
anc Ro3@« 1957; T i l l e r , 1<;?59> r>iCJJOUQall and loverin©, 
1 9 6 3 ) . The d e p l e t i o n of Cu ixt Dhari Volcanic aa cora^Hazed t o 
t ' o s e cA KaznaprayaQ and Bhekun<s Volcan ics eriay serve as a 
supj^rt t o t h e l e s s dif t e t e n t i a t e d nature o i t h e forirer. The 
over a l l h igher a v e r a ^ Values of Cu in Chanoli lava (averace 
39e ipia) are ptcknioly due t o i t s enrichment in p l a ^ i o c l a s e anc 
irc>n minera l s bec^auae Cu bacoir'en enriched in p l a ^ l o c l a a e - r i c h 
or i r o n - r i c h d i t i e r e n t i a t e g (Prine , 1967) . 
"^ he average v a l i » of l ead , which occurs in s i l i c a t e 
Structure as Ft> ion i s very low (7 pfm) iri Chatnoli V o l c a n i c s , 
ano o f t e n i t f a l l s below the l i s d t of s e n s i t i v i t y . The hi^hfjst 
concentra t ion of Fb appears t o be in Dhari Volcanic (averace 
24 p i«)« Kamaprayag v o l c a n i c s^ )Ows an average v a l u e of 5 ppB. 
In Bhekima Volcanic axKl i a t r u s i v e s * no I%> was d e t e c t e d in any 
sample. 
Zirconium content in Chanoli Vo lcan ic s v a r i e s fron 40 t o 
140 pfm averaging at 85 ppn. I t s rancie of v a r i a t i o n in Dhari 
v o l c a n i c i s frcfis 4C t o 14C ppei wi th an average of 77 ppn; in 
Kamaprayag Volcanic , from 55 t o 130 ps» wi th an average of 
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97 i%mt in Bbakuna Volcanic, trom Sc to 130 ppm with an anrerdge 
ot 73 ppn; and in basic intrusives« froRi 62 to 13C ppm with an 
average o i ICS pjii. In b a s a l t i c zocks i t i s belitsved that ST 
i s concentrated in the ear ly «n<^  middle stege pyroxenes (wager 
and Mitchel l , 1951; Cornwall and ftose, 19S7 ano wlDdnaon, 19S9}« 
In choBioli lavas the Zz i s possibly located in the stiddle stags 
pyroxene. I t seems that the early stags pyroxenes were pxob^ly 
resiioved £ror: the raelt as ascertained by the behaviour of 
ferrcffiBa^esiimt major and trace e len^nts . The average content 
ot zt in these volcanics i s conp^rable to that of the t h o l e i i t e 
oi the other b a s a l t i c provinces of the tiorld (85 ppm, Prine, 
1967). 
YttriUEJ, whic^ generally found to be isore abundant in 
rainer'iis of the l a t e f rec t ionat io stage, api^-esrs in Ch^^ooli 
Volcanics ranging frotn 20 to 4C ppn with on avertiige of 26 ppn. 
I'.i d i f ferent volcanic flows i t s average valtMt rsioains altnost 
constant . In Dhari VOlc<mic Y var ies bettisen 2C and 35 ppn 
with an average of 27 ppsi; in Kamaprayag volcanic the variat ion 
appears to be fro* 22 t o 35 ppsi, oevereging at 30 ppai? in 
Bhektma volcanic , the val iws s«Hms to vary trom 22 to 40 pp» 
with an average of 29 pfmt and ia aaaocietad bas ic in trus ives 
the range of variat ion i s froR 25 t o 35 ppai with an average 
of 3C ppm, tn the ciaiiion b a s a l t i c socks the avaimge values 
of Y ware reported to be IS ps«i. 20 pp« and 21 pps (Tureklan 
and v#edepohl, 1961; VinogracSov, 1962y achotitt e t a l . , 1963). 
ihe average Y content of Chai»oli Volcanics i s c l o s e l y sis^ilar 
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tf. tYmt of t ) ^ reportfsa average v a l u e s in b a s a l t s . Zn b a s a l t i c 
roc^a Y i a Riore i^umlantly Cound in a p a t i t e (Wilkinson, 1959) , 
ilcMsnite and magnet i te (CoEnwall and Rose. 1957 ) . In Chainoli 
V o l c a n i c s , the Y content Riay a l a o probably be concentrated in 
magnet i te o r i l raen i t e . 
I^iobiun iri Cluisoli Volcanic^ v a r i e a fron B ppoi t o 25 ppm 
w i t h an average o f IS ppn. Anong the t h r e e flov/s the average 
v a l u e s rmsain aliuoat ccunstant. Xn Dhari Volcanic I t , however, 
shows a v a r i a t i o n from 6 t o 22 p^m, averaging at 15 i^pn. In 
bot) Kamaprayag iunfi Bhekuna flowa the Mb content averages a t 
13 piRi, w i th a r a n ^ of v a r i a t i o n frc^ sn l o t o IC pjaa and froR' 
6 t o 2C pfM r e s i . « c t i v e l y . 
dtrontium content in tlmae v o l c a n i c s a>«ws a v a r i a t i o n from 
2CC t o 540 ppw averaging at 311 pi«J. The h ighes t content of 
sr apt^ HSors in Kamaprayag v o l c a n i c which ranc-es bettieen 2C0 
pljn t o 540 P(iB w i t h an average of 304 pi:^ ia. The Dhari and 
Bhekuna Volcan ics show a l n o s t s i m i l a r average v^tliuis (260 ppm 
anci 297 ppffi r e s p e c t i v e l y ) . Average s r content of the Chanoli 
V o l c a n i c s (311 ppa) as^>ears t o be lower than t h a t of t h e 
average t h o l e l i t e b a s a l t <400 ppM, Fr ins , 19S7)r ocean r idge 
a l k a l i b a s a l t (615 ppn. Kngel e t a l . , I t f S ) snd ocetHi r idge 
t h o l e l l t e (444 p^tt, Moekelds anci Al len , 1954) , but h igher 
t h m t h a t of t h e i s l a n d arc t h o l e i i t e (2CO ^pn, Jakes and 
White, 1971) an<i o c e w i i c r idge t h o l e i i t e (130 PC«i) of Bngsl 
• t a l . , ( 1 9 6 5 ) . In b a s a l t i c rocks 3r i s b e l i e v e d t o be present 
in i::a r i c h minera ls l i k e pyroxene, p l a g i o c l a s e , a p a t i t e and in 
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high temperature K-bearing nineral such as feldspar and 
feldspathold (Nockolds and Allen, 1953/ Butler and 3kiba, 
1962; Hsier, 1962). However* wager and Kltche 11 (1951), 
Cornwall and Rose (1957) and Wilkinson (1959) (deserved tlukt 
clinopyroxene, though having r e l a t i v e l y hi^h Ca, contains 
far l e s s Sr than coexistirs^ p lag ioc lase . In Chamoli Volcanics, 
due t o s p i l i t i x a t i o n a considerable aisount of Ca has been 
removed part icularly fron the c a l c i c plaQioclaae s i t e s . 
Therefore, i t i s possible that the Sr concentration enay oe 
lower than the &v«rAge sr concentr»tions in t h o l e i i t e s . HoMtver, 
the poor correlat ion between sr and Ca (r •• 4- 0.373) s^ lOws that 
the sor.a R^etasoB>ati8n. h«is takesn place independent of s r . 
Chanx>li Volcanics a l so display a Sr deplet ion trend (Fig.14b}, 
s imi lar t o those observed by condie e t a l . (1969) in wyooiinc? 
Precannbrian diabases . In such pos i t ive correlat ion between 
Fd>/3r rat io the ft> ccxitent was f i r s t defined by Green and 
Rin5jwood (1967) and has been ident i f ied in various inafic s u i t e s . 
(Hsler e t a l . , 1965/ GUnn, 1966/ Kay e t a l . , 1970/ weigand 
and Rogland, 1970; Mueller and Rogers, 1973). One poss ib le 
mechanisir for the developnent of t h i s trend has been attributed 
t o Mctensive fcactioa«tio:» of high Sr-plagioclase (Mueller and 
Rogers, 1973). 
RidoidiuH) in these volcanics shows a range of variat ion 
from 2C t o 61 ppv, averaging at 34 ppa. Xn di f ferent flows the 
average Rb content reeaina almost constant . The Dhari I'olc^viic 
has 34 ppm of Ift> on the average. Average values of i^ in 
94 
Kaxnapraya^; and Bhekuna Volcanlca ar9 32 ppn ami 36 ppia 
raapect ively . The reported estlntates of Pb in b a s a l t i c cocks 
a m 29 imm <Gast, 196o}f 20 ppn (Tuxeklan and MBd«pohl, 1961); 
tt ppn (Vinogradov. 1962} an<3 32 ppn (Faure an<3 Hurlay, 1963). 
when the Hb concentration in Chanoli Volcanics i s compared with 
that of the basa l t s fron a var i e ty of tec tonic envixomBents, 
i t appears to bo higher than i t s value in ocean ridge t h o l e i i t e 
(10 ppB, Engel et a l . , 1919)« c l o s e l y s i n i l a r t o ocean ridge 
a l k a l i basa l t (33 pFn« Engel e t a l . . 196S), and higher than 
t h o l e i i t e and high alumina basa l t of Island arc (S ppm and 
IC ppB», Jakos and Mhite, 1971). In b a s a l t i c rocks. fft> ap|:«ars 
to be present in detectable amount only in feldspars and 
feldspathoids (FrinB# 1967). Howerver, t^« presence of Db in 
l a t e s t pyroxenes, analc i te and orthoclase was a l so observed 
(Mager and Hitchell* 19S1/ Wilkinson, 1959). Wh4wn it> contents 
of Chanoli Volcanics are plotted against the corresponding 
K values (Fig. 14) a strong corralat ion appears (r • •*• 0»72C). 
This re lat ion might be due t o fract ional c r y s t a l l i s a t i ^ i t or 
change in the amount of miner and accessory spumes involved 
in part ia l melt ing. The K-Fb re lat ionship has been considered 
as a magmatic trend during the d i f f eren t ia t ion by many w o o e r s 
(Hart, 1964t 0)d>urg, 1964 and Cast, 1965, 1 9 6 i ) . 
The K/f*>>.K plots of the Chamoli Volcanics (Fig. 14) show 
a s teep increase of X/Fft> rat io against the r i s ing K. Such a 
pos i t ive correlat ion indicates a more rapid enrichtrient of K 
than fSb durinc the magmuitic d i f f e r e n t i a t i o i . However, according 
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t o Q«ochecnlcal rule, l& w i l l b« «mrix:hed into the l iquid 
cv lat ive t o K becausat oi i t s larger ion s i s « (shaw, 1966) 
and « iMi^tive correlat ion between K/!«3 and K w i l l be observed. 
Therefore, the poait ive corxelaticm of K/It> ra t io with that of 
K in ths chamoli Vblcanica i s rather unuaual. 
'i'o present the variat ion re lat ion between various l a r ^ 
ion eleinents l i k e K, Pb and 3r in the Chaaoli Volcanics, 
various p lo t s l ike X v e n u a fto, Sft>/sr versus ft), K/f«3 versus K, 
ft>/sr versus K ancs K/sr versus K ^n sho«m in figure 14. The 
l inear curves, that indicate systemdtic Vttriation between K, 
nb, Sr and t h e i r various rat ios , auggeat geocheisical coherence 
between these eleiconts during nagmatic and/or post magrcatic 
processea. 
Chapter V 
PSTROGSNESXS 
General stetemutit 
In the praceeding chapters the geochemical charac ter i s t i c s 
of Charooli Volcanics in t e m a of major and trace eleioents have 
been deal t with, in d e t a i l . The behaviour and r«lat ionship 
of various elements have brought t c l ight certa in s ign i f i cant 
ami interestinc, piobleirs concerning t h e i r o r i g i n . In the 
present chapter attempts b^ve been nede to e lucidate such 
pxtc^lema within the lliriite<? scope of the present task. Elemental 
abundances conibined with f i e ld occurrence and petrological 
char<aiCtori3tics have been used t o d i s t inguish the processes 
zoaponaible for s p i l i t i s a t i o n and ma^natic evolution of these 
b a s a l t i c xocks> 
s p i l i t i s a t i o n of Chasoli 
Volcanics 
Thoxigh the def in i t ion of s p i l i t e s has nsver bewi challenged, 
yet t h e i r or ig in i s s t i l l a sidt>jsct of l i v e l y d i scuss ion . Various 
c r i t e r i a based on mineralogy, teictural gso—tgy» ooasative values . 
f i o ld occurrence, chemical composition, geological age and 
important assoc iat ions hare been used t o cc^struet various models 
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concerning t h e i r or ig in (Tesnier, 1696^ D«%#ey anc Flett^ 1911; 
3unaius, 1915; Flaherty, 1934; C i l l u l y , 1935; Terr in and 
Haobault, 1941; Battey, 1956; Rittman, 19S7 and Vallance, 
1969). After reviewing innence l i t e r a t u r e , Anetutx (1966) 
l i s t e d seven theories regaztfing the genesis of s p i l i t e a . Coonbs 
(1974), on the othtir hand, suggested four poss ible condit ions 
for generation of spi l i te-keratophyxe mineral assoMblagss. 
Broadly speaking, the theor ies concemii^g the or ig in of s p i l i t e a 
f a l l in two wain schools of thought. The f i r s t group considers 
tVieffi as a rrl>oacy product of magRu t^ic c r y s t a l l i s a t i o n . On th«<» 
other hand, the jMCond group maintains that s p i l i t e s are tru ly 
secosidti^ry rocks which acquired the ir present coir.position a f ter 
a geoloQically s i t ^ i f i c a n t lapse of titns sub8eq\aent to the 
c r y s t a l l i s a t i o n o£ tho or ig ina l sttagRta. 
In tl-js fresent sect ion of t h i s chapter, iTiainly or the 
bs^sis oi variotis miners)logic«il and cheir.ical charac ter i s t i c s , 
the autlx>r has attempted to reconstruct a model regarding 
s p i l i t i c a t i o n of Chasoli Volcanics. I t i s , ho««eirer« hoped that 
the observations s^de m&y prove t o be of general intervst as 
regards the genesis of other HisMleyen s p i l i t e s . 
Though the chsao l i Volcaaics have suffered a low grade 
setaB«»rphis«i and svA>sequMitly s p i l i t i s e d t o sows « i t en t , a 
study of t h e i r chnaical c h a r e c t e r i s t i c s pr inc ipal ly based on 
IsMobile elements, indicates t h e i r undoubted t h o l e i i t i c o r i g i n . 
Indeed, atany textural relatimiahips between various minerals 
l i k e alb i t e and augite, appear as or ig ina l nagnatic features . 
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Ko3t of thice arguRients in favour of s p i l l t e m&gtr^ axe generally 
base»d on the fact that re lat ionship of texture i s printa fac i e 
evidence for t h e i r igneous or ig in (Amstuts and Patwaz«lhan« 1974), 
Neveitheleas, tha Cbamoli Volcanica proned with various prisiary 
textures* nay be considered as primdry s p i l i t e s . However* tha 
concept of pseudonorphoua rsplaceioent for a l b i t e on primary 
calcivon-plagioclase s i t e s (Vallance, 1969) preclude to draw 
such a conclusion. The Chacaoli Volc^unics provide stronQ 
evidence in favour of paeudoifiorphous replacement, as the large 
ph«:u>crysts of plaQioclase with c a l c i c cores (Plate 4b) occur 
abundantly in t h e i r xsKxie, ev ident ly , ir^icut ing an incomplete 
replacement. The analyt ica l data (Tdble 6) a l so indicates 
incomrlete s p i l i t i x a t i o n of these rocks in which many s^n i^ples 
apiear wit), a soda content generxlly eciuivdlent to the 
t h o l e i i t e s ( l e s s than 3 p e r c e n t ) . Anot>)er iinf«rtant feature 
of Chamoli Volconics favouring a pseudoworphous replacerr«nt 
of p lagioc lase i s evidenced by the pmietration twinniiig 
displayed by a lb i t e n i c r o l i t e s (Plate 4a ) . This type of 
twinning f a l l s under the type>4 of CUtwin group of Gor«i 
(19S1)« who suggested that freqfuent occurrencr> of C-twin in 
volcc^nic rocks — s i s t o be ths contro l l ing factor in t h e i r 
formation and i s a e h a r s c t e r i s t i c feature of Ca«.pl«gioelM». 
Therefore, the frequent oceurrMice of pMMtration twinning 
shown by a l b i t e laths in the laode of Ch«iK>li Volciutlcs appear 
to have beer oriQirtatec! in previously e x i s t i n c l lam^plegioclase. 
DiM» to peeudoKiorphous replaceisent of the pi:eviously occurring 
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Ca-pla^loclase and lack of nucleatJLon« th« penetration 
twinning retained inharently, by newly foriBttd a l b l t e l a t h s . 
The absence of v i s i b l e structural distuibances in the s p i l i t i s e d 
samples of Chanoli Volcanics and %#ell preserved primary textures 
a l s o prcavlde evidences in favotjr of pseudoiaorphous replacement, 
Mighss (1972) found that i f a basal t suffers a low grade 
netaiRorphisBi below 40C^C« there way not be su f f i c i en t energy 
to nucleate and grow some or a l l of new phases in the rock, 
and the a inera loo ice l changes that occur in the productlxm 
of s p l l l t e have perforce t o be iii the c^ain replaCQp>»nt 
processes . Therafoit^, i f the observation of Hughes (1972) 
i s acceptable* the IntroducticMi ot soca that caused pseudo-> 
iBorphoua replac«KB«;it of p lagloc lase in ChaiRoli Volcanics, cannot, 
but take place at a temperiiture below 40C^C. 
In the l i gh t of tho foregoing discussion on certain 
textur^il and mineralogical charac ter i s t i c s of the Chamoll 
Volcanics, i t i s post-Igneous netasomatl»R rather than na9»atlc 
differesntiation held responsible for the fonaation of mineral 
asseablages of s p i l i t i c a f f i n i t y . Their chemical charac ter i s t i c s 
a l s o support intcoductl<^ of soda in the post-eruption period. 
Plots of t h e i r c h e i i c a l eoas t l tuents in various var i e t loo 
diagrasm l i k e /wCH dlagrasi (Fig. 6 ) , Al^O.-CaC-NajO diagram 
( r i g , 7 ) , and ATM dlagraM (Fig. 11} always show a general 
Inc l inat ion of p lo t s towards the sodiuo apex s l i g h t l y away 
from t h e i r respective f i e l d s . This featuxe, th«it oay be a t tr i> 
buted to the addit ional amount of soda, makes a s h i f t of points 
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frc4n f i e l d of the nonr^l b a s a l t . Th«ir p lo t s in Hughes (1972) 
diagram (FiQ. 6) alao support the view that these volc^mics 
have suf£ejc«d a soda netasomatisn in ttm poat^conaolidation 
period. 
In studios of s p i l i t e s , the source of soditm laetasonatisBa 
hai a l so been a Riatter of controversy. One b e l i e f i s that the 
addit ional soda in s p i l i t e s night have been supplied by sea 
water (GiUuly, 1935} Rittnan, 1957}. In the case of Chacnoli 
Volconics, which appears t o be having an oceanic t h o l e i i t e 
a f f i n i t y , t h i s proposition for the source of soda from sea 
water could a l so be appl icable . However, recent s tudies on 
subiB<sLrine basa l t s (Koor, 1965; Crnvn, 1969} indicate that under 
normal condit ions there i s no p o s s i b i l i t y cf sea water exchange 
with svftHoarine lava that may result in s p i l i t i c reaction, 
because at low teinper«iture plagioclase i s not 8t^>le in contact 
with sea water. However, at a tecsperature 200^C or above 
a l b i t e in contact with an aquous phase i s s table (Lieu, 1971). 
Therefore, i t i s poss ible that onorthite nay a l t e r to a l b i t e 
at a tenperature higher than 200^C by interact ion with an 
aqueous phase of the correct composition. It i s alao belie»ved 
by some other workers (Nichol ls , 1959i aukhestrala, 1974} that 
the s p i l i t e s are the protfucts of the o r i g i n a l l y t h o l e i i t i c 
nagoua, which orupted and d i f ferent ia ted wuSer water, but 
followed a s l i g h t l y d i f ferent fractionation trend due t o the 
pressure of retained v o l a t i l e s «nd got enriched in soda content . 
However, the f i e l d charac ter i s t i c s of Chaii«li Volcanics do not 
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sht.w any evidence ol tY^ir eruption under such deep water 
condit ions in whiich thay could retain the v o l a t i l e cons t i tuent s . 
At places aiee of the v e s i c l e s in these rocks i s foimd upto 
4->S en with a h i«t volume per cent , s i s * and nunber of 
v e s i c l e s in stdt>»drine b a s a l t s i s generally considered as a 
measure ot eru^-^ioti depth below the water surface (KcBimey, 
1963; Koor« 1965). The retention of o r i g i n a l nagmatic 
f lu ides i s only possible i f volcanic eruption occurs below the 
'vesiculatiot^ def.th* (5,000 ». Moor, 19fil). The large sisse 
and hiQh volvme per cent of v e s i c l e s in these volc^inics indicate 
that the eruption perhaps occurred in very shallow water 
condi t ions . The primary structures l i k e ripple marks in the 
cissocioted sedimentary rocks a l so provide supporting evidence 
for the shallot' water environn^nt. 
Thex«»£ere, i t seecis reasonable to deduce that the Ch^enoli 
Volcanics became s p i l i t i c as a result of post-igneous 
a l t era t ions through sodiun metasonatism. Their mode of ocxmrrence 
indicates that a f ter eruption of each major flow, the rocks 
were buried under a thick p i l e of sediments. The poss ible 
source of additicmal soda might have been the hot pore %niter 
from the adjacent marine sadiments. In course of bur ia l 
met4MBorphism, the sa l ine pore water from overlying sediments 
percolated through these buried flows and reacted causing a 
replacement of plagioclase , without any textural chMige. The 
reaction must huve taken place at a temperature between 200^c 
and 40C^C, because below 200^C plagioc lase appears unst^>le 
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wtien i t la in contact with aea water (Liou, 1971) »ad above 
400^C th«ro axe chances ot a destrvictive inetfliaorphiam ruining 
the or ig ina l nagpiatic textures (Hughoa* X972). As ditK:usaed 
in previous paragraphs (Chapter I I I ) the s p i l i t i c a t i o n of 
Chamoli Volcanica caused not only enrichosent ot soda but a l so 
raised the s i l i c a content s l i g h t l y higher up. Poxe tmter in 
mocexn aiarine sediofiants i s )cno%fn to be enriched in s i l i c a 
(Siever e t al .« 1 9 ^ } as coBip«ired to the sea water. There i s 
a widespread b e l i e f that during s p i l i t i c a t i o n * l i k e sodium, 
s i l i c a i s a l so added froesi without as indicated in the following 
reaction proposed by Turner (194£). 
acaAljSijO^^ Na^C^ "^ ^^ 2^ "^  2HaAlSi^0g4 2CaO -f Al^Oj 
The reaction scheme deioonstrates that with tlm addition of 
socio as wel l as s i l i c a , Al^Cj '^^ •"' a^O are rewoved frc»n t>ie 
system. But a cooaparison between highly s];>ilitised and nan-
s p i l i t i s e d saBtpl«33 of Chanoli Volcanics (Table 6) indicates 
th<dt the AljC^ content of the volcanics has not been oiuch 
affected by s p i l i t i c a t i o n . Therefore, t h i s reaction does not 
appear to hold good as far as xenoval of AI2OJ during 
s p l l i t i s a t i o n i s concerned. However, the s o s t appropriate 
reaction schewne i l l u s t r a t i n g sisnaltaoeous addition of Na^ O and 
Si02« ^''^ renoval of CaO »ay be expressed as Na^ CO^ 4 CaAl2Si020^4 
43i02 •* CaCOj^ 2NaAlsi30g (Cf. Berth, 1962). 
so far as the bas ic recJcs of the Lesser Hisalaya are 
concerned, the gross s imi lar i ty in t h e i r f i e l d c h a r a c t e r i s t i c s . 
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miiMralogy and cheoBical composition indicate that th@y (MwKii 
Volcanics* Chaasoli Volcanics and Bhowali Volcanics) have 
mviergone more or l e s s aieailt^er m«g»atic and Kietamorphic 
evo lu t i c^ . Frofti a l l the data recoxded so far fvovc the 
Himalayan Volcanic Provinces* i t ia rather cle<ar that rocks of 
s p i l i t i c conpoaition have probably accjuired t h e i r present 
compoaition by sodiitfn fnetasonatiam. Therefore, the case 
considering the HiB>alayan baaic rocks as a prodxict of c r y s t a -
l l i s a t i o n of primarily high sodic magma i s rather «feak. Instead* 
t h e i r s p i l i t i x a t i o n could be bat ter explained by envisaging a 
model that soda metasomatijue ass i s ted by pore sa l ine water 
was responsible for t h e i r conversion into s p i l i t e s . 
Magmatic Evolution of Chanoli 
Volcan i c s 
in order to %mdermttmd the tectonomagmatic evolution of an 
area, i t i s necessary to have an idea of the progressive changes 
in the chemical composition of bas ic ma^aa. From these changes* 
the evolution could possibly be interpreted as due e i t h e r t o 
changing condit ions at the s i t e of generation or t o d i f f er ing 
evolutionary paths of the magmas, s ince both are control lad by 
regional tectonics* the recognition of the pattern of basa l t 
chamistrv withiii an area may provide considerable information 
t o draw a b e t t e r tectono magrkutic p ic ture . One of the main 
objec t ives o£ t M s sect ion i s t o probe the evolutionary trend 
of the ch«aol i Volcanics* and chemical changes that tocA place 
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withii ttw magma chaicber and a l so t h e i r Inpc^t on the regional 
t e c t o n i c s . The data on b a s a l t i c rocks froK other parts of 
Himalaya are a l so includeil t o draw the conclusiona about the 
evolutionary trends t#hich the lithoaphere and asthenosphere 
hav« undergone in the Himalayan region during the Palaeosoic . 
fieaozoic period. 
As stated in previous chapters the three major flows and 
the associated basic intrus ives appear very simila>r to each 
other in t h e i r major as wel l as trace element compositions. 
Besides, the i r s imi lar average chamical compositicm, the type of 
compositional sca t ter in eacb flow i s a l s o i d ^ t t i c a l . Only 
minor di f ferences occur in the Dhari Volcanic in which MgO* 
Mi and cr are sl icjhtly higy^r and aiOj being lower than the 
oth<cir ones . This feature indicates that the Dhari Volcanic i.-; 
not d i f ferent ia ted as wuch as that of the other flows. However, 
taking a l l the data into account, there i s no pos i t ive 
indicat ion of any sys temat^ changes in the major and trace 
elements from one flow t o another. 
The thxee major flows of Chamoli Volcanics of considerable 
thlOcness (Dhari, 400 ai KMCnaprayag, 800 mt Bbi^iine^ 400 m) 
ospresent the three d i f f evu i t but re leted phases of volcanic 
a c t i v i t y separated by two intermittent periods of qujescetkoe 
during which the thick>bedded metasediments of tieryeli Onertcite 
(sbout 2,500 m) and Na^iath Quartsite (about 1,600 • } were 
deposi ted. The iaent icdl composition of th^ three flows 
indicates that e i t h e r 1) they have be<Hi derived from three 
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a i t ferent magma sources of identlc«^X cofBsx>8itioxi under sintilar 
phyaico^cheBiix^:;. I ccmditions* or 2) from a cooBton source which 
retained i t s or ig ina l chestic^il compoaition throughout the tium 
epan« In whj^h the Ch«Boli Fozmetion vaa deposited. The f i r s t 
p o s s i b i l i t y nay be ruled out A» t h e i r p lo t s in various variat i im 
diagrams (Chapters XXX and XV) always follow a cooKon tx«nd. 
Xn the second case, i f a s ing l e ch«inber suppl ies success ive ly 
ma^a three times, i t i s l i k e l y to undergo certa in chemical 
changes which may be recorded in the success ive f lows. But 
the s t r ik ing ly ident ica l cc^position of ths three flows indicates 
that the compositicm of ths ma^sa in the chai^>er remained almost 
unchanged throug^^ut the period of t h e i r ecuption. Mo%Mnrer, i t 
i s l i k e l y that the magna chamber behaved as an opem system 
(0*Hara« 1977), which a f ter each eruption might have been fed 
fvcm below, and then erupted from the t o p , Eventually, the 
magma mi^ht have reached such a steady s t a t e that the enrichment 
and depelet ion of various elements by fract ional erys ta l l i ea t icm 
was balanced by successive inputs of primitive raagea. 
The abundant presence of large p lagioc lase i^Kenocrysts 
(0*5 - l , 0 ca) in the lower most Ohari flow indicates that at the 
time of f i r s t phase of volcanic a c t i v i t y the mevMa in the 
reservoir might have be«n cooled up t o a tmapecature at which 
ths p lag iocUse c r y s t a l l i s e d . T iUey e t «1 . (196S)« a f ter 
ca lcu la t ing the density re la t ions deduced that the plagioc lase 
{^ienocr>'st9 would flo«it in basa l t i c l iquid as to accumulate in 
the upper part of a magma r^sexvoir* while o l i v i n e would s e t t l e 
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and so be l o s t t o the l iquid erurted as lava. The scarc i ty of 
o l i v i n e in the node of Chantoli Volcanics i s consis tent with 
t h i s conclusion. Although o l i v i n e i s alsiost i^sant froB) the 
node o£ these rocks, the rare pseudonorphs iaa icate i t s e a r l i e r 
e x i s t e n c e . The behaviour of ferromagoesiun trace eleisents, 
l i k s Ni ^aJad Cr and t h e i r re lat ionship with KgO« indicates 
that not only o l i v i n e but a l so pyroxene has been fractionated 
frooi the BMlt before i t s eruption. The fractionation of 
o l i v i n e and pyroxene i s a l so indicated by higher P^^s ^<^^^^^« 
These mineral phaoes exclude s^tosphorus froiB t h e i r s t n a t u r e 
durirn; magreatic c r y s t a l l i s a t i o n (Aiuierson and Greenland, 1969). 
C<msec:uently« c r y s t a l l i s a t i o n of these n inerals suiKes a melt 
enriched in phosphorus, uoitil the c r y s t a l l i s a t i o n of apa t i t e . 
J^ Chantoli Volcemics the pos i t ive correlaticMi of ^^0.-» t^ gO 
with ("2^ 5 (Fig. IS) supports t h i s conclusicm. 
The above discussion suggests a parental nagma of Chaeoli 
Volcanics that was rich in o l i v i n e . Probably, a f ter the 
Melting, i t started t o r i se fron the sone of me^ae generation 
t o shallow reservoir . During the ascend i t cooled ufiCo a 
teskpexature of olivirie c r y s t a l l i s a t i o n which started t o 
• e ^ l e dOMD. Ttas c c y e t a l l i s e t i o n of o l i v i n e Might have been 
iswiierliately followed by pyroxene which along with the o l i v i n e , 
fraotiooated froa the n e l t . During i t s long peuse in the 
shallow xeserroir the e x t r a c t i o i of the aiost of the o l i v i n e 
conpleted so thut tht^  m g^sta reachinc the surface was ordinari ly 
BMKh depleted in o l i v i n e . The d i f ferent batches of pr in i t ive 
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Hi^ ^^ aa whici f«d the ira^ pca reservoir from tiLmt to time imiat 
have followed the same ierentlAtion trend, in the period 
bet«teen ini^iit and eruption of laagmd* the fracticoiation of 
o l i v i n e and «arly fonsed pyroxene conpleted ano the constant 
physico-chemical condit ions caused an i ^ i n t i c a l composition 
ot three flows as well as aasociatcna intrusives* The o l i v i n e 
and pyroxene might heve been cooled within the fecKiers as 
ultr««Ba£ic var iants . 
wVisn the chemical data from di f ferent volcanic proviiM»s 
of t^ijBalaya are compared, scxae important features are observed 
( table 6 ) . As stated earliUir, the Chairioli, Handi etn€i Bho%irali 
Volcanics represent a volcanic a c t i v i t y of 3ilurian-Devc«iian 
period, however, Panjal and Abor volcanics at the two extreme 
ends of the Himalaya are bel ieved to ba of Pensocarboniferous 
Ag0, T ^ l e 6 comf>are3 the ctiemical data of d i f ferent b a s a l t i c 
provinces of tha Hljealaya. Unfortiuiately the tr<ace element 
data of Handi Volcanics. the major and trace olements data of 
Abor Volcanics are not ava i lab le . The major element data does 
not show any compositional di f ferences between a l l tha b a s i c s 
of Himalayan region, trace clement concentrations are a l so 
very iden t i ca l with £ew except ions . 
The trace e l e ^ n t compositions of Chamoli and Bhowali 
Volcanics are c l o s e l y s imilar , but the Bhowali Volc«) ics as em 
to be re la t ive ly enriched in t h e i r Ni an<i Cr contents* 
evi«:^ently ref lect ing t h e i r re la t ive ly l e s s evolved nature. 
All the irajor and trace elemmit compositions of Panjal 
l i e 
Volcanlca appear very slanllar to that of Bhovali and Chamoli 
Volcanics, but fonnor ars ce l^t ive ly d^pletad in t h e i r s r 
Content. The 3r d«pleted charactar of Ponjal Volcanics 
Bti^ht be eitK^r a rasuXt of r«9ix>nal InhoRiogafMiity in tho 
mantia (Tusakian and Kulp, 1956} or a ccmsid^rable fractional 
tlcm of hig>^ sr>plagioclas«. In gano ral« there i s a raaawnaJale 
geochecr.ica 1 agreement for a l l the mafic twi tes discussed above 
ttxm tha Himalaya representing d i f ferent geological ages . 
In ths Indian aidx;ontin«mt, a secular variat ion of 
various diagnost ic elements h^s been notiC€K3 beneath the shie ld 
area (Maqvi, 1976b}, for example, HLXX increase of K o^ and Tio , 
<sno decrease of Ni<*^ Co -t-Cr and Hi/Cr rat io with decreasing 
ages . However, the present study (Table 8} shows that tha 
Mimalayan basa l t s do not show any s ign i f i cant cooipositional 
Changs fro« Devonian to Pexmo-Carboniferous periods. This 
leads one t o be l i eve that the magna reservoir beneath the 
Lesser fiimalai'an region had perhaps a more or l e s s constant 
composition froK at l eas t Devonian t o Pecroo>C«id>oniferous 
periods. Therefore* i t may be postulated that in these periods 
the ma^ Ra ch«rt>er« not only beneath tha Gartwal Himalaya but 
a l s o beneath the en t i re l e s s e r Hisuilay^ vegion might h«ve 
behaved as an oTp^n system (0*Hara, 1977), in which maq— was 
per iodica l ly fed from below and erupted t o the t o p . 
Chapter VI 
T£CTC*41C IMPLICATIONS 
General s t a t e n e n t 
The b a s i c igneous rocks, not o n l y trotf. Gartiwcil Himalaya 
but from whole of the Hjjnalayan ranges, have proved t o b e o f 
{ireat importance in s o l v i n g v a r i o u s problesns concerning the 
o r i g i n of t h i s mountain c h a i n . In t h i s r e spec t the t e c t o n i c 
environntent of b a s i c volc^finisR needa {>urticular a t t e n t i o n t c 
t e s o l v e sc»ne fundamental ccmcepts on orogeny and BK»untoin 
b u i l d i n g . The Himalayan b e l t e x h i b i t s complex phases o f 
v a r i o u s tectonistr. in i t s prolonged g e o l o g i c a l h i s t o r y 
commencing from Precanbrian t i m e s . The period between 
Cumbrian and Cret^reoue was f a c i n g a v a s t c y c l e of sedimenta-
t i o n interxui^ted, in due course , by Caledonian ^md Heccynian 
m^rements along wi th igneous a c t i v i t y in d i f f e r e n t s t a g e s . 
Thi s l e f t great impact in the coMplex t e c t ^ i c d e s i g n of 
Hlaialaya. The e a r l y Hsrcynian phase ( S i l u r i a n - t o w e r 
Carboniferous) i n i t i a t e d the large ecaXs b a e i c v o l c a a i c 
a c t i v i t y in the Lesser Himalayan r e g i o n . This b a s i c 19MK>US 
a c t i v i t y i s evidenced by the present a s s o c i a t i o n o f iMta-
vo lcc in ics in the quart i s t e s u i t e s of Garhwal. Kwsaon and 
Himctch 1 Himeiliiyu. I^te Hercynian mcveioent t h a t commenced 
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froir fiiddle Cazboniferous cauised the second Major cyc l e of 
asiagBiatiwr. repzesanted by extenaiv« lava Clows occurring at 
ttastem ano western ends of Klstalayan r a n ^ s . 
Because one ot the major objctctivea ot t h i s work i s t o 
u t i l i z e the Qeocheraical c r i t e r i a to investi<;iate the 
erupticmal envicomsent of KiiRalaydn bas ic s &n<i i t s impact on 
regional tectcmics, i t i s necessary to determine the degree 
to which such tectctfiic CMiclusions can be drawn, A complete 
answer i s a watter of long discuss ion, but i t i s necessary 
t o present some Jus t i f i ca t ion of the c r i t e r i a used herein. 
There have been several successful atteisfiptg in tBl^tin^; 
thcj chettiical compositions of bas ic volcj^nics to the n<ature of 
the crust and environinent of magnbcitisfr. work of sngel e t a l . 
(1965}« Jakes and White (1972), and Kohr (1972) demonatritec 
a d irect correlat ion between the chemical composition of the 
rocks and the nature ot the crust on which they erupted, such 
re la t ions have been widely used t o recognise the nature and 
evolution of the earth ' s crust in d i f ferent geological 
periods (shew, 1972; Naqvi and Hassain. I973y Naqvi e t al .« 
1974a, by Dodgers e t « 1 . , 1974). 
The bas ic volcanic rocks oo the b a s i s of tac too ic 
environment have been c l a s s i f i e d into following four groups 
(S<aacce and Cann, 1973 )• 
1 . Ocean f loor basa l t s - Diverging plate boundaries 
2 . Volcanic arc basa l t s - Converging plate boundaries 
3 . oceanic island basa l t s - within plate (on oeeMiic crus t ) 
4. Continental basa l t s - within plate (on continental crus t ) 
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Kflorts have b«on made here to t e c o ^ i i ^ t ) ^ Hi»alaytfi 
b a s i c s 1 tYiQ lic^it ot above ir^ntionod tec tonic c l a s s i f i c a t i o n . 
Each mdgnta tyre has a character i s t i c Qeochoirsical feature by 
which i t could usually be dis t inguished. 
Chemical methods have been widely useci to discriirinate 
the voir an ic rocks fzon* dif ferent tec tonic environieents 
(Chaya« 1964; Dickinson and Hatherton, 1961t Dickinson, 1966), 
Ho«>«ver, in recent years, 8t»ie %iroxkers have used various 
var iat ion diu^rams which e f f e c t i v e l y d i f f eren t ia t e the mannas 
of d i f ferent tec tonic environn-jent. P«azce T.N, e t a l (IS75, 
1977) ano fearce J . A . (1' 76) uaed only BU»Jor elennrmts to 
inves t igate t t e tectonic s e t t i n g s . On the other hand Pearce 
end Cann (1971, IS73) and r^^rce (1975) niade a stronQ case by 
usinc insntiobile niinor anti t r j c e el^^ients l i k e Ti, zz and y. They 
devised a ser i e s .1 variatior. dio^rams whicl-: evidently could 
be used t o d i f f erent ia te the Rkigiaas of d i f ferent t ec ton ic 
•nvironments. These naethtocs are more e f f e c t i v e , because Ti, 
Zr anci v l ike R£e appear immobile durinc various a l terat ion 
processes . Due to t h i s advantage such methods have widely been 
applied very success ful ly on altered and sMtaiBorphosed bas ic 
rocr.s t o d i s t inguish t h e i r environsient ot eruption, as in 
recognition of oceanic t h o l e i i t e s in Eastern Alps (Blckle and 
Pttarce. 197S). anc in invest igat ion of oph io l i t e or ig in (Pearoe 
and Cann, 1971; Pearee, 1979; and Coleman, 1977). 
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MetVxxSs of Magoia CiacrlsRination 
In the present study the author has used v^tric^-a Bssthods 
b«iise<3 OT; both the riiajor as well «ia trace «letnent consfositlons 
to dlscrlBiinata the magn^ ^ type of Chaicoli Volcanic^. Available 
cbeirical data from Handi, Qhowall anu Panjal vo lcanic ; i s a l so 
included to understaruS tYm regional t e c t o n i c s . 
The ( l o t a of Chaisoli VaXc&nxca as wel l as o t i « r bas i c s of 
Himalaya in FeO*>FttO•/KgO (Pig. lOa), TiOj-FeO^/MgO (Fici. 10c) 
diaQroms (Chapter 111} evidently indicate t h e i r oceanic 
t h o l e i i t e a f f i n i t y , ihe KgO, Fee ( t o t a l ) ami Aljf* p lo t s , 
however, ai tear f r u i t f u l to j^rovide b e t t e r discrlt'.in iticn 
betVKsen ocean island baiaalts, ocean ridge ant^  f loor b a s a l t s , 
continental basa l t s , spreadii^c centre basa l t s and orccjenic 
b a s a l t s . The roethcxi has bec2n projosac by J*earce et a l (1977), 
who used only those samples which contained a a i l i c a c ,:itent 
(wihydrous) rangira^ bett#een 51 to 56 per cent . In the present 
•tudy only 38 aacni l e s passed the s i l i c a screen. Their p lo t s 
(Fig. 16) in t h i s ternary diagram occupy mostly the f i e l d 
of ocean ridge and f loor b a s a l t s . CAly a few samples f a l l in 
the adjacent f i e l d of ocean island b a s a l t s but l i e vmty near 
to the boundary between f i e l d s of ocean f loor b a s a l t s and 
ocean is land b a s a l t s . 
The other inportant character i s t i c of Ch^sRoli Volcanics 
which places theip in the c ' e ^ r " / e? ocean ridge t h o l e i i t e i s 
the i r FeO^A'gC rat io (FeO* « t o t a l iron as FeO). Kiyashiro 
(1975) ctttsiderec the FeO /^HgC ratio of b a s a l t i c rocks to be a 
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cvtnarkable feature in xecofpiition of abyssal and island arc 
t h o l e i i t e s . He demonstrated that in jd>yssal t h o l e i i t e s (ocean 
f loor t h o l e i i t e s } this FeO*/^00 rat io always apF^ars l e s s than 
2 i « r Cent. In Chainoli Volcanics motm than 77 per cent of 
analyses (Fisi. 17) show a TmO*/HgO rat io l e s s than 2 per c<mt 
which strxxngly supiport thaw t o be of ocean f loor o r i g i n . 
i\ TiOj'SiOj plot (McDonald and Katsura, 1964, Mhitehead 
ana Goodfellow, 1978) a l so provides a c lue to dist in(juis^ the 
b a s a l t s of differinQ tec tonic environstent. This technilpNi 
a l so discriminates the Ch^oeoli Volcanics as ocean ridge 
t b o l e i i t e wliere most of the ir p lo t s l i e in tro f i e ld of. ocean 
ridge t h o l i i t e (Fig. l e ) . 
The obcjve toethods, principal ly based on jcaajor eletiwntsj, 
t h o u ^ indiceite ocean f loor t h o l e i i t e a f f i n i t y of chaiRcli 
as irfell as Kandi. Bhowali and Panjal VolcanlA -^i^ ^ yet do not 
cot)fixit t h i s interj .rotation. Since the major elements of 
al tered rocks t o t a l l y depend upon t h e i r n o b i l i t y during the 
a l terat ion they require careful e f f o r t s for t h e i r ana lys i s . 
Tberefore, the confinnation of the. oceanic t h o l e i i t e a f f i n i t y 
of Chainoli Volcanics i s made by u a n g Ti-Zr, and Ti-Zr-Y 
dia^rsaia. Application of thsaa diaqrasts avidantly canfixna ao 
ocean f loor or ig in for these irolcanlc rocks. In Ti->zr diagraK 
(Fig. 19)« noat of the p lo t s occupy f i e l d s O and B which 
represent the ocean f loor b a s a l t s . In Ti.2:r»y ternary 
diagrar: (Fig. 20} tYro p lots appear to concentrate in f i e l d B 
indicatinc; tho ir ocaan f loor t h o l e i i t e a f f i n i t y . TiO^^Zr/PjOs 
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and siOj-^-z/^'^O, (Fig. 12} p lo ts alao support t h i s interpreta~ 
t lon as laost of the sciifples f a l l within the «K:los«d f ield 
representinQ ocean f locr t h o l e i i t e s . 
Tectonics 
The identiCiil r esu l t s obtained frofn major and imiobile 
t race elentents indicate tha t major el^nsnts in Chanoli Volcanics 
have not been nuch affected by secondary al terat icms, in 
such a way tttat nay convert the rocks from orse eruptive 
environtent into another. Therefore* the obviovis conclusion 
from m«iJor elecfient composition and t h e i r cc»ifinT>ation by 
ifmaokillfi elements i s very l ikely t o correct one, and i t does 
seeii tha t Chamoli Volc<;jniC3 as well as other vo lc .n ics of 
i^ iiinalay<in ranges originated at a nid oceanic r idge. Hovrever, 
high K« Rb contents of these lava flows, t h e i r intefbedding 
with shallow v;ate! sedinicnts arul ^ s e n c e of ultrewoafic var ian t s 
are the cha rac te r i s t i c s not consistent with t h i s cmiclusion 
and ii««d soine special considerat ion. 
Recent s tudies indicate tha t high K, It?, t h o l e i i t e s 
»ey be found in ocean f loor (Oickay e t a l . , 1977). This 
phanonenon depends upon thieir p«trogrophic«il character and 
the location in ocean f loor froB which they were obtained 
(Nickolls ana IsIan, 1971). 
The i . i ter bedding of ocean ridge t h o l e i i t e ano shallow 
water sadiiaents of Chawoli Fomation ul t imately indicates tha t 
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thos« oosanic t h o l a i i t e s were not raftad Into the sect ion by 
obductlon or any other nechanijKB variously proposed for 
enplaceif^ent of ancient ocean llthosphere onto the cotktlnenta 
(Col«tfBan« 1971| uewey and Bird, 1971i Mamt^m e t a l . , 1973; 
fioeder« 1973f Chrlstenaen and Salisbury* 197S). 
Ptarthersiore, the Lesser Klnalayan b a s i c s cannot be 
considered ophlo l l tea as proposed by sosie workers (G«Bsser« 
I964i Ralna and Ouagrakotl, 1975). The i^catl^iraphlcal Moxk 
carried out In Leaser Klnalayan xeQlon (Mehdl e t a l« , 19721 
Kam&r and AQarwal, 1975f and mmy others)* does not Indicate 
the occurrence of any ultrawaflc conplex. Due t o t h i s g« iera l 
absence of ultramafic variants or t h e i r der ivat ives , the 
bas ic rocks of Z4isser Hlsuilayan region cannot be ca l l ed as 
o p h l o l l t e s e i t h e r accoxdlncf t o the de f in i t ion of Benson 
(1926) or I t s BBodlflcatlon by Thayer (1967). On the other 
hand, not only In t ^ present area but almost In a l l the 
l o c a l i t i e s of Lssser Klstalaya, the basic vo lcanlcs and shallow 
water sedlsients are Inteibedded, oootee^ioraneously folded 
and eplmetsiBerphosed • These features indicate a pre~orogenlc 
volcanic a c t i v i t y that was auilnly related t o teas lonal t ec ton ic 
condi t ions . 
Th» penecont—pori^ous sed Iswintatloo and volcanlssi 
axe the features generally related t o •ttgeosyDCllnal eone. 
However, the assoc lat loo of XiOeser Hlvalayan bas ics with 
shallow water sedlirtonts precliide to consider t h e i r eruption 
In eugeosynclln^l envlronii>«nt. There has always been a 
l a i 
di f ference of opinion r«9aKdlng the •x l s tvncc of txue gso-
synclln^Ll condlticma In Hlnalayan rancaa. Pan<le (1966)^ anf' 
Pande anu sa^ean^ (296(B) poatttl«t«d the exiat«ace of a 
Central crys td l l lne ridge, that separated the t%K> contrasted 
geosyncllnoa -•> the Tethya In the north and the Kliaalaya 
in the south. Gupta (1976), on the bas i s of sotae f o s s i l 
occurrences in the south of Cmitrel Crystal l ine , cxmcluited th«t 
there h«ive never been such a ridge, but the Hiinalayan region 
was covered by a s ing le geosyncline from M>uth to north. On 
tlfi other hand, Qensser (1974) and Jhingjtan e t a l . ( l 9 7 6 ) 
bo l i sved that there YiaA never boen the true g»o«yncIinal 
condit ions in the Hiiaalaya. The present study alao supports 
that the lesM(r Himalayan sedioMrnts deposited in shallow 
sinking basin and not in a t m e geosynclinal enviromaent. 
Ahmad and Ahmad (1976) opined that t i l l the «md of 
Carboniferous period the Angaraland waa a j^art of Gondwanaland 
and Tethys at that tiice was an inter-cont inental sea (Proto-
Tethya). In the PemocaxbfKiiferoua period, the PCDto^-Tethys 
opencKS up w4th the fonr«ation of a Kid-oceanic r idge. The 
reiBanents of such ridge ere represented by the bes i c rocks of 
l e s s e r Hioialaya including Penjal and Abor Volcanics and a l so 
the extensive lava flows of Siberia which was a part of 
KashBir KiBielaya in that very period. Burrett (1972) and 
Kswen Kaye (1972) a l so agvsed that Tethys opened up as an 
o ^ a n by ' r i f t s ' extending froei %iest t o e a s t . Pearce e t a l . 
(1977) a f ter a survey of thousands of basa l t i c analyses from 
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various toct£»nlc environiaent cbsetvod t\mt the baaa l t i c 
rocks, which orupt at thA tlas* of act lv« biMiakin^ up of a 
continent, alwaygi tusv« somavhrit an oceanic ch«r«^.ct«r« Thla 
oceanic charactec of basa l t suQgosts th« bmaking to be an 
attempt (succassful or not} t o create new oceanic f l oor 
alonQ a r i f t In a continental p l a t e . Therefore, If tho above 
obaervatlona axe acceptable, the cho^oll Volcanlcs* which 
hove fin oceanic baaalt a f f i n i t y , may be considered to have bemi 
enipted In a r i f t ing envlrc^snent. The r i f t night t^ a^ve boen 
created by op«iln^ of the Tethys (Proto^'Tethya of Ahcnad and 
Ahmad, 1976), which at that t l s e was an Intercofitlnmital area, 
Cc«*anic type t h o l e l l t e inagma 9*^^^^ by r i f t sone, 
dlaruptwjl the cyc le of sedlnientatlon from tliae to tlroe. This 
reaultec^ In th^ formatiofi of quarte l te- lava secueoce 
cons t i tu t ing Chenoll Volcanlcs as wel l as other volcanlcs of 
L0sser Himalaya, Tho developnent of t h i s r i f t s i^ht have 
started in the tower Paleeosoic period as evidenced by Kittidl, 
Chamoli, Bhowall and other associated vo lcanlcs of l e s s e r 
itlmalayan reciloo. However, la the Pemoceibc»lfercMJS period 
the r i f t tMs probably exteiidied in the eas t upto Assaoi sod 
in the west upto Kashmir as Sfvidenced by Abor sod Psnjel 
Volc^Alcs respect ive ly . 
SUGARY AND CONCUISXONS 
The chaiRoli Formation ot Gaxbwal Group l a charactf tr ised 
by b a s i c igneous socks , occurr ing in th» foxm of t h r e a 
compcs i te f lows and a s s o c i a t e d b a s i c i n t r u s i v e s * t h a t m p r s s e n t 
a volcddiic a c t i v i t y of Ordov ic ian -S i lur ian a g e . The t h r e e 
f lows are separated by t h i c k u n i t s of masaive Quartc i te having 
i n t e r c a l a t i o n s of s h a l e and l i s i e s t o n e . Along with the sediments 
bot l . the e x t r u s i v e and i n t r u s i v e t y i « b a s i c rocks have bfien 
f o l d e d , f a u l t e d and netanorphoiMd i n t o green s c h i s t f a c i e s . 
F. icroscopic exaninatic^. of a l l the b a s i c rocks from 
Chamoli Fozmation r e v e a l s aluiost a c l o s e s i m i l a r i t y between 
ti ie iRineral assenblacie and t e x t u r a l r e l a t i o n s . The mineralogy 
Xa dooinated by a l b i t e s ^rii^ a u g i t e whi l e o l i v i n e i s almost 
absent , c h l o r i t e and e p i d o t e appear a s a l t e r a t i o n a i n e r a l s . 
M i n e r a l o g i c a l asaeaablages as w e l l a s chemical c h a r a c t e r i s t i c s 
sugges t a s p i l i t i c nature of a l l t h e s e b a s a l t i c rocks• Although 
t h e y have been a l t e x e d and have acquired secondary n l j i era l 
as««Mbl«9BS, the r s l i c t migpiatic t e x t u r e s tkwm c h a r a c t e r i s t i c a l l y 
%#all preserved . These pristaxy t e x t u r e s * i n c l u d i n g i n t e r s e x t a l 
re latKKiship between a l b i t e and siugite and the f l u i d i e t e x t u r e 
d i s p l a y e d by a l b i t e l a t h s , are i n d i c a t i v e of a pr ia«cy nature 
of s o d i c f e l d s p a r s . Ho%#ever, the presence of p a r t i a l l y a l t e r e d 
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plagloclas« ctymtmla «nd thB pHMtration twinning fxaquontly 
founci in a l b i t e l a ths ara th« wldancaa which support a 
pamidonorphous rsplacaiasnt for a l b i t a s on Ca-plagioclaso 
s i t « 3 , ChMDical c r i t e r i a including various var iat ion diagrcMBs 
su99sst that tha s p i l i t i c cosqposition of Cbanoli Volcanics 
has not bean resulted frost nagnatic c r y s t a l l i s a t i o n or chenical 
redis tr ibut ion of various elesMmts in a c lo se system which 
general ly gives r i se t o the forsMtion of metadosiaines. However, 
i t appears that the s p i l i t i s a t i o n xesulted from irodivnn 
netasonatiMB which the rocks suffexed in the post<>eniption 
period. Probably the sodiun K^asosfiatism had resulted through 
sa l ine pore watex from the overlying marine sedistents. It i s 
evident that a f ter each erui^ion the flows wmta buried ui^er 
the sediin«mts and associated intruaives wers intruded into 
unconsolidated wet sedimiuits. During buria l sietetnorphisro 
the sa l ine pore water fron the overlying sediaients percolated 
downwards and xeaeted with the rocfks causing a pseudosorphous 
xepl4M:enent of p lagioc lase in such a way that primary vageatic 
textures rmiained unaffected. The reaction perhaps took place 
at a tesiperature bettieeB 200^ and 400^C. At t h i s tesiperature 
the energy was aot su f f i c i en t t o nucleate and gxow a l l the 
new phases ths s , the prinary f sbr lc was not d is torted and 
preserved iabacsat ly . 
The data shew that the iaqi>siet of S p i l i t i s a t i o n i s aos t l y 
on Na^O, CaO and t o a l e s s e r extent on siO.* This supports the 
wides{:^read b e l i e f that during the s p i l i t i s a t i o n along with 
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Na^ Or ujn addition of 5i02 a l so takes p lace . In the pcvscnt 
votk t h i s la further evident by the data of ot^ier eleinents 
v/hich remain in the general f i e l d of t h o l e i i t e aiK3 do not 
•how «iy appreciable change in t h e i r contcunts. In chemical 
i ikmtif iccit ion of these rocka the ident i ca l reaults obtained 
from najor as t ie l l as Minor and trace elements miggest that , 
prob^ly the rocks have not been chemically laodif ied t o 
that extent where the rocks of one eruptive imvirontnent are 
converted into rocks «#hoae compositions are ident ica l t o 
t>x>se of primary rocks ixom another environiMint. 
The relcitionships and abundances of major and inmobile 
m i n r and trace elements of patrogenetic s igni f icance suggest 
that Chamoli Volcanics %«ere derived from a t h o l e i i t i c ma^na. 
The behaviour of d i f ferent ferrom« ;^irMsiun» elements l i k e HgO, 
Ni, Cr and Cc demonstrates that the o l i v i n e which i s almost 
absent from t h e i r mode must have been fractic»iated before the 
eruption. It i s a l s o inferred that from the seme of generation, 
while the ma^ p^ta moving towards the shallow reservoir, the 
o l iv i t . e started to c r y s t a l l i s e which was immediately follo%fed 
by pyroxene. Before the •xuption the o l i v i i w as wel l as early 
formed pyroxene were atoost c—plete ly removed from the melt . 
Possibly^ these early separated minerals cooled within the 
feeders as ultramaf i c s . This i s indicated by the t o t a l sbeence 
cf ultramafic variants or t h e i r der ivat ives from the m t i r e 
length of Lesser Ktmalayan region. 
ihe absence of ultramaf ic variants or t h e i r der ivat ives 
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not cmly from present area but a l so from the whole Leaser 
Himaleyan ie«lon indicates that Chamoii Volcanics as well as 
other b a s i c s of Zs»sser Hl»alayen region are not o p h i o l i t e s 
as suggested by momm e a r l i e r weidcers. The interbedding of 
lava flows and shallow water sediments throughout the Z«sser 
Himalayan region a l so preclude t o consider them as o p h i o l i t e s . 
This feature sttg59ttsts for tstge thickness of shallow water 
sediments and the interbedded l«ra flows t o have been 
deposited in a shallow sinking b^^sin and not in true geo-
syncl ina l wnviroorasnt• 
Xn s p i t e of t h e i r f i e l d occurz-ence and nineralogical 
aaaonblages tha chemical conposition of a l l tha flows as well 
as associated intrus ives of chamoli Formation appear very 
s imi lar to each other . These ident ica l chemical characters, 
of d i f ferent volcanic units* as ascertain€»d by d i f ferent 
var iat ion diagrams, i l l u s t r a t e that the composition of the 
magea chamber beneath the Garhwal Himalaya remained chemically 
imchanged part icularly in a period ^ r i n g which the huge 
thickness of Chamoli Formation «f«s teposited. This feature 
u l t imate ly indicates that the magpsa resenroir bMieath the 
Geshicsi Himalaya behaved as an open system throughout t h i s 
period. After each eruption the maffui reservoir %#as fed from 
tho below and th«a erupted from the t o p . As a resul t the 
nagma had vsached such a steady s ta te in which the «irichm«E)t 
and depletion of various elements by fract ional crys ta l l lBat ion 
was balanced by successive inputs of primitive magma. 
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Although the bas ic rocks of varying agaa fron ahlald 
ar»a of Indian stA>continant rapraaant a syat«sat ic variat ion 
of d i f farent alooianta with tha t ine , the basic rocKS of 
Hinalaya do not appear to show any secular v a r i a t i o n . Their 
chenlc^il eoBposition rwnains alaost Ident ical fxo« Devonian 
t o Pasaocaxbcmiferous periods. This behaviour of fiinalayan 
bcisics ev ident ly suQgasts that the constant chenical 
coatpoaition of nayna chanber lias not only a charac ter i s t i c 
feature of GartMal HisHilaya* but tha same process was 
continuing b«iaath the wotire l e n ^ h of Lesflwr Himalayan 
txgian during Devonian and Pexmocazboniferous periods. During 
t h i s fxariod tha magma reservoir behaved as an opwn system 
throughout the area. 
various chenricaX c r i t e r i a including di f ferent discrimina-
ticMi diagrams amprort an ocean f loor basa l t interpretation 
of both e f fus ive and intrusive b a s a l t i c roc s ccmstitut ing 
Chamoli Volcanics. Tha ocean f loor basa l t a f f i n i t y i s 
c<mf iseed by ralat ions hip and abundances of «iell known immobile 
minor and trace elecients l i k e Ti, 2r, Y, lt> and Ga. All these 
charac ter i s t i c features suggest that the Chamoli Volcanics 
were originated at a mid oceanic ridge in the diverging 
p late wBVironment. liswver» they are akmozmally enriched 
in KjO and m than usual oceanic f loor t h e l e i i t e s . lb 
shows a strong pos i t i ve corre lat ion with K^ O* which i s 
attributed t o geochainical coherence between ft> and K during 
mageatic and/or metasomatic processes . Itowever, the 
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concentration of K^ O do*« not corrs la te with th« 6mgre9 of 
ttltsratiori aa •stabXlshed hers i n . 
Thm IntexbtMSdlng of thasa OC««Q1C typ» t h o l a i l t « s and 
thick u n i t s of shallow tiator aadlaianta appaar t o bo an 
umMualoccuriance. This phanowanoo poalt imily indicataa that 
tha t h o l a l l t a wava aot raftad into tha —ction by «ny 
nachanlMR l i k o obduetlon, as variously pri^poaad for 
anplaoMoant of anclant oceanic llthosptiera on t o tha 
cont inents . However* the q ^ a r t s l t e - t b o l e l l t e sequence indicates 
that these t h o l e l i t e s were oeplaced in a epiplatfoxmal o r 
epleu9eosyncllnal envlronifient. 
The C(»ceptual model presented here for the tec tonic 
evolutlcm of these oceanic f loor b a s a l t s . Is based on tha 
events which ace associated with the op«nln^ and c los ing of 
Prota->T«thyan r i f t eone. Zt appears th«A the occurrence of 
oceanic type basalt Is not confined onlv upto nldooceanlc 
ridges but they can be erupted in the r i f t i n g environment at 
the time of act ive breaking up of a cootlQent, Prab«k>ly the 
Chssaoli volcanlca with oceanic t h o l e i i t e a f f i n i t y ware 
erupted as a result of the r i f t ing in Proto-»Tathys* which 
at that time was an intexeont iaeotal aaa. Mith tha davelopaMnt 
of th ia r i f t the Tethys appeared l a t e r * • an ocean. 
The oceurrwace of besiA voXeaalc seeks of varying ages 
l a d i f f erent parts of HisMlaya Indicate that in Ovdovicisn* 
Si lurian perlcd the r i f t ing started f i r s t In KisMChal, Garhwal 
and Kunaon Hinalaya which by Pemoeeibonlferous period 
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•xt«nd«d UF^o Kashnlr in th« w&tft and AssaR in the m&mt. 
It apiman th&t the r i f t i n g i n i t i a t e d during tha 
dapositicxnal ragiiBtts of int«reontin«nt«l Tttthys MM la which 
th« shallow water aadioMRta tMce b«ln« dapositad. Ocaanic 
IqnP* t h o l a i l t e na^ipa guided by r i f t sona diacyptad tha oyela 
of aadinaQtation txxm timm t o t lna and 9«v« riaa t o tha 
fomat ion of quarts i ta- lava aaquanca. 
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ABSTRACT 
In Garhwal Himalaya of U.P. the quartz i te . lava amc^aence, 
conpriaing Chasoli Fojcmation of Garhwal Gzoup, i s characteriased 
by three conposite flowa and associated in trus ives of b a s a l t i c 
conposi t lon. The b a s a l t i c rocks reprosent a part of Lesser 
liimalayan igneous a c t i v i t y of tower Palaeozoic age. They are 
predominantly contemporaneous lava flows intexbedded with 
shallow water marine sediments. The whole sequence has been 
folded, fault€K3 and metamorphosed into greenschlst f a c i e s . 
These volcanic rocks have been studied through geochemical 
and petrographical inves t iga t ions . Various samples were jsialyaed 
to determine t h e i r major, minor and trace element compositions. 
The geiochemical charac ter i s t i c s and mineralogical assemblagfss 
of the three flows and the associated intrugives are %4ell within 
the norms of s p i l i t e s . It i s Inferred that the s p i l i t i z a t i o n 
of these rocks might have occurred through soda metasomatism 
which they suffered in the post-magmatic period. It appears 
that a f t e r each eruption the flows were buried under thick p i l e 
of ••diments end t l ^ associated intrus ives were intruded into 
the uncoDsolidated tret sediments. The sa l ine pore water from 
the adjacent marine sedimwits i s bel ieved t o be the source of 
soda which percolated through the rocks and reactcKS at a 
temperature between 200^ and 400^C. At t h i s temperature the 
«meroy was not s u f f i c i e n t to gtow and nucleate a l l the new 
phases hence* the pseudomorphous replacement for a l b i t e s on 
Ca>plagioclase s i t e s took place without disturbing the primary 
fabr ic . 
The data show that the impact of a lb i t l sa t i cm i s mostly 
on lja20, CaO and to a l e s s e r extent t o siOj* i t as^pears that 
the s p i l i t i z a t i o n caused not only an enrichinent of Na^ O <3nd 
eliroinatior> of CaO but a l so raised the siO, content s l i g h t l y 
h i g ^ r up. 
AS a consequence of soda metasomatijHn, the a l k a l i - s i l i c a 
and AFH variat ion diagrams demonstrate an a l k a l i basa l t 
a f f i n i t y of these lavas . However* various discrimination 
diagrams which are principal ly based on imnobile minor and 
trace eliarents l ike Ti* zr. Y. Nb and Ga demonstrate a cons is tent 
petrogenetic a f f i n i t y of tliese rocks with tvx>3e of t h o l e i i t i c 
b a s a l t s . 
The behaviour and d i s tr ibut ion of various trace elements 
l ike Ni, Cr. anci Co and t h e i r re lat ion with KgO indicate that 
the Chamoli Volcanlcs probably had undergone some degree of 
d i f f erent ia t ion prior to eruption. The c r y s t a l fract ionation 
of o l i v i n e and ear ly formed pyroKsne Is bel ieved t o have been 
operated in bringing about the magmatic d i f f e r e n t i a t l m . It i s 
•uggestcK) that the magBe.wliile SMSving from the sone of 
generation towards the shallow reservoir , lagged behind the 
heaivy phenocrysts of these mineral phases which perhaps cooled 
within the feeders as ultramafics . 
The c l o s e l y s imi lar chemical compoaition and the chennical 
conposit ional s c a t t e r in a l l the flows suggest t h e i r conagmatic 
o r i g i n . There i s no indication of any systematic change in the 
oiajor and trace element compositions from one flow to another. 
This indicates that the composition of the magma reservoir, 
beneath the Garhwal flimal«ya, remained almost chemically 
unchanged thrcmghout the period during whith the huge thickness 
of Chaanoli Formation was deposited. It i s inferred that 
during t h i s period the magma reservoir behaved as an open system 
in which the magma was per iodical ly fed from below and then 
erupted through the top . In t h i s manner a f t er each erupticm 
the enrichment and depletion of various elements by fract ion 
c r y s t a l l i s a t i o n was balanced by successive inputs of primitive 
magcna. The ident i ca l compositions of bas ic IOCAS O£ var^'in^ 
ages from various b a s a l t i c provinces of Himalaya indicate that 
the constant chemical composition of the ma9»a chancer has 
also been a character i s t i c feature of the whole Lesser Himalayan 
region for a long geological period. 
To ttluddate the tec tonic environment of these basic rocks 
the major elements as wel l as lanobile minor and trace elements 
l i k e Ti, Zr and y have been used. Al l the SMthods suQgest a 
strong a f f i n i t y of these basa l t s with the oceanic t h o l e i i t e s 
which generally originate at mid oceanic ridge in the diverging 
plate envirorunent. However* the inte<fo«ddlng of these oceanic 
type b a s a l t s with shallow water sediments i s an unusual 
occurrence which indicates that the volconism was epiplatformal 
and not euQeoaynclinal. This feature furtH*.t suggests tha t 
the basa l t s tMre not rafted into the section by c^iductioR or 
any other mechanism as variously proposed for eicplacecttnt of 
oceanic lithosphero onto t t ^ cont inents . Foreover, they cannot 
be considered ophic l i tes , as ultramafic var iants or t h e i r 
dar ivat ives aze dOsent not only from Carhwal Himalaya but froca 
whole of t he Lesser Himalayan region. 
I t i s inferred thut the occurrence ot oceanic type 
t h o l e i i t e s i s not confined only to the raid oceanic ridges, 
possibly they also erupted at the t i n e of « : t ive breaking of 
the cont inent , s imilar ly the chamoli Volcanics with an 
oceanic t h o l e i i t e affinity were laiobably erupted as a resul t 
of r i f t lnQ in the Proto-'iethys which at tha t tijr,e was an 
in tercont inenta l sea. ' ; i th the developrtent cf t h i s r i f t tb:-
Tethys afia.-red l a t e r ua an ocean. I t appears t r t i t the r i f t ing 
was i n i t i a t ed during the daposit ional reQin-.o3 of in tercont inental 
Tethyan sea in which Y;he shallow water sediments were bein^ 
depoaiteci. Oceanic type t h o l e i i t e magma guided by r i f t eone 
disrupted the cycle of sedimentation from time to tirnc and 
gave r i s e t o tha developntent of quar tzI te- lava sequence of 
ChaaK>ll FoxBiatlon. 
